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INTRODUCTION

This booklet is intended to help you to master your hp 39g+ calculator but is
also aimed at users of the hp 39g and hp 40g. These are very sophisticated
calculators, having more capabilities than a mainframe computer of the '70s,
so don’t expect to come to grips with its abilities in one or two sessions.
However, if you persevere you will gain efficiency and confidence.

The majority of readers may only have used a Scientific calculator before so
explanations are as complete as possible. However it is not the purpose of
this book to teach mathematics so knowledge will be assumed. Those who
are already familiar with another brand or type, may find that a quick skim is
sufficient, perhaps with detailed reading of the “Tips and Tricks” sections.

The impact these calculators are having on the topics taught and even more,
the way they are taught is proving to be profound. The inventiveness and
flexibility of teachers of mathematics is being stretched to the limit as we
gradually change the face of teaching in the light of these machines.

For those concerned with the impact of a graphical calculator on the
‘fundamentals’ of mathematics, it should be recalled that the same fears were
held for scientific calculators when they were introduced earlier. History has
shown that these fears were generally groundless. Students are learning
topics in high school that their parents did not cover until university years. In
particular, the scientific calculator proved to be a great boon to students of
middle to lower ability in mathematics, relieving them of the burden of tedious
calculations and allowing them to concentrate on the concepts. This is also
the case with graphical calculators.

This manual is not intended to replace the one supplied with the calculator. It
fills in the holes, and also provides tips to make your work smother and more
confident. Happy calculating.

About the author

Colin Croft is a teacher at St. Hilda's Anglican School for Girls in Perth,
Western Australia. Colin has worked extensively with Hewlett Packard on the
graphic calculator family of which the hp 39g+ is a member, and was part of
the team which created the hp 39g & hp 40g in 2000. He maintains an
extensive website of material for the hp 39g/409/39g+ series called The HP
Home view, at http://www.hphomeview.com.
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HOw TO USE THIS MANUAL

It has been attempted to design this manual to cover the full use of the

hp 39g+ calculator. This means explanations which will be useful to anyone
from a student who is just beginning to use algebra seriously, to one who is
coming to grips with advanced calculus, and also to a teacher who is already
familiar with some other brand of graphic calculator.

Readers may encounter one of two difficulties. Firstly, the information in here
will be beyond the needs of some readers and secondly, the explanations
may be too detailed for more advanced users.

For students who don'’t yet need the more advanced capabilities, suggestions
on which parts of the manual to read are given below. For more advanced
users, it is suggested that you read the sections on the Function, Sequence,
Statistics, Inference, Finance and Solve aplets, and also read the ‘Tips and
Tricks’ sections which follow many of the chapters.

Early High School

Typical topics covered include...

Solving linear equations, graphing linear equations and possibly
simple quadratics, examining number patterns, multiplying
polynomials, factoring simple polynomials, calculations involving
powers (X%, X°,......), square roots, cube roots, order of operations,

positives and negatives, scientific notation, indices, systems of
equations and inequalities, parallel and perpendicular lines, dividing
polynomials, solving quadratics, rational expressions and equations.

Suggestions...

Read about the Function aplet in full, ignoring any sections that seem
to advanced. Learn about Intersection and Root in the IZEZl menu
and make sure you know how the HII&l menu, Autoscale and PLOT
SETUP work. Learn to Build Your Own in the NUM view because it
lets you find values for rules easily. Learn to use the HOME view for
routine calculations, the MODES view, and how to use the calculator’'s
memories. Read about the Solve aplet and how to use it to solve
equations. Read about the Statistics aplet and how to use it to find
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means and to display histograms. In the MATH menu, read about the
functions ROUND, POLYFORM and POLYROOT. Make sure you
know how to save and transfer aplets. Learn about the Sketch view
and the Notes catalog for a bit of fun.

Pre-Calculus

Typical topics covered include...

Solving complex linear and non-linear simultaneous equations, and
trig, exponential & complex quadratic equations, factoring of any
quadratic, use and re-arrangement of formulas, indices, trigonometry,
some statistics, absolute value and greatest integer functions,
matrices, logarithms and parametric equations.

Suggestions...

Cover all of the material mentioned for high school students. Read the
suggestions on how to deal with graphs whose shape you don’t know
in advance. Learn how to use the Parametric aplet. Your teacher
might best advise on which portions of the Statistics aplet will be
relevant to you. In the MATH menu, also learn about functions
CEILING, ABS and FLOOR, POLYCOEF, and POLYEVAL. Read the
section covering the Matrices catalog and the functions DET, RREF,
INVERSE, and TRN.

Calculus

Topics covered here will vary according to which course students undertake
but there are very few skills covered in this manual which will not be of use at
some time. It is suggested that students skim the whole manual, and then
re-read it at intervals as material is covered in their courses and they begin to
see which parts of the manual are particularly relevant.
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WHERE’'S THE ON BUTTON?

Let’s begin by looking at the fundamentals - the layout of the keyboard and
which are the important keys that are used frequently. The sketch below
shows most of the important keys. These are the ones which control the
operation of the calculator - others are used to do calculations once the
important keys have set up the environment to do it in.

NN

These six screen keys change their
function in different contexts. The
bar at the bottom of the screen labels
them. Check this bar for special
functions in any given context.

The NUM key gives you a
tabular view of your
function, sequence or data.

A

These are the cursor (or
arrow) keys. They let you
move within a window.

The PLOT key displays the
graph view for any given
environment.

The VIEWS key gives a
different menu in each aplet.
It can be very useful, and is
always worth checking.

The SYMB key nearly
always takes you to a
view in which you can
enter eniiations

_

The APLET key is central.
This key allows you to choose
which mathematical
environment you wish to
working.

HOME is where you will do
most of your calculations. It
is shared by all the aplets
and oversees them all.

So where is the ON button?

Examples of the effects of each of these keys and many more are shown on
the pages that follow.
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SOME KEYBOARD EXAMPLES

Shown below are snapshots of some typical screens you might see when
you press each of the keys shown on the previous page. Exactly what you

see depends on which aplet is active at the time.

The aplet used below to illustrate this is the Function aplet, which is used to
graph and analyze Cartesian functions. Notice how the meanings of the row
of blank screen keys under the screen changes in different views.

The SYMB key - in this case it is set to graph
the function y=x®—x*-7x+6.

Hn F1iH): B EEM

The NUM key showing a tabular view of the
function.

The MATH key gives access to more than a
hundred extra functions, grouped by category.
The view shown right is currently showing the

Probability section.
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KEYS & NOTATION CONVENTIONS

There are a number of types of keys/buttons that are used on the hp 39g+.

Some essential keys

The basic keys are those that you see on any
calculator including scientific ones, such as the
numeric operators and the trig keys. Most of these
keys have two or more functions.

Take for example the COS key shown left. If
you just press the key, you get the COS function.
However above left of the key and below right
you will see two additional meanings assigned
via the SHIFT and ALPHA keys.

All references to keys, whether they need the SHIFT key or not, are written in
this typeface: KEY.

The SHIFT key

The SHIFT key gives you the second function for each
key. In the case of the COS key, the second function is
ACOS, sometimes referred to as arc-cos or cos™ or
inverse cos. Most keys have these second functions that
are obtained via the SHIFT key.

When | want you to use one of these keys that needs to
have the SHIFT key pressed first | usually won’t say so.
It seems to me that you’re intelligent enough to work out
for yourself when the SHIFT key needs to be pressed.
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The ALPHA key

The next modifier key is the ALPHA key. This is used to type alphabetic
characters, and these appear in orange just below most keys.

The Screen keys

A special type of key unique to the hp 39g+ and family is the row of blank
keys directly under the screen. These keys change their function depending

on what you are doing at the time. The easiest gz FLET LIEFART BT
way to see this is to press the APLET key. As KE |
you can see right, the functions are listed at Inference . B3KE
the bottom of the screen. All you have to is to Egg:ﬂewm SEE
press the key under the screen definition you Sequence BKE w
want to use.

All references to keys of this type are shown
as images of the label. For example, if | want
you to press the key under the SORT label it
would be written as EIIAl. Do it now and you'll EE'}
see the screen shown on the right. Notice that |Sequence
the keys have now changed function. Press
the one under HLI.

Sometimes pressing a key pops up a menu on the screen as you just saw.
You use the up/down arrow keys to move the highlight through the menu and
make choices by pressing the ENTER key. Choices that are listed in a menu
will usually be written using italics. As an example, | might say to press
and choose Chronologically. The manual you are given with your calculator
uses a different convention.

As mentioned before, the third way a key can be used is to get letters of the
alphabet. This is not so that you can write letters to your friends (although
you can do that with the Notepad) but so that you can use variables like X
andY or AandB. The key above the SHIFT key labeled ALPHA is used
to type in letters of the alphabet. Lower case letters are obtained by pressing
the SHIFT key before the ALPHA key. If you want to type in more than just a
single letter, hold down the ALPHA key. Unfortunately, this doesn't work for
lowercase.
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Try this...

If you haven't already, out of the menu from the
previous screen. Press the HOME key to see the
screen on the right. Yours may not be blank like mine
but that doesn’t matter.

Press 12 and then press the screen key labeled
BT Now press the ALPHA key and then the
alphabetic D key (on the XT0 key). Finally, press the
ENTER key. Your screen should look like mine on the
right. You have now stored the value 12 into memory
D. Each alpha key can be used as a memory.

You can also use these memories in calculations.
Type in the following (not forgetting the ALPHA key
before the D).... (3+D)/5 ENTER

The calculator will use the value of 12 stored earlier in
D to evaluate the expression (see right). In case you
haven’t worked it out for yourself, the / symbol

[BEG) FUMCTION

=TOk
EADE ] HOME
12D

12
jsToe] [ ] 1 ]
EADEG] HOME
1280

12
L3+0 a5

3

T I I R R

comes from the divide key (+) and the * symbol from the multiply key.

More information on memories and detailed information on the HOME view in

general is given on pages 45.

The calculator also comes with a large number of mathematical functions that

are very useful. They can all be obtained via menus
through the MATH key. Try pressing the MATH key now
and you should find your screen looks like the screen
shot on the right.

The MATH menu is covered in detail on pages 243 but
we will have a brief look now.

The left side of the menu lists the categories of
functions. As you use the up/down arrows to scroll
through the topics, you’ll see the actual list on the right
change. Move down through the menu until you reach
Prob. (short for Probability) and then one step more
and you’ll find yourself back at Real. Now press the
right arrow key and your highlight will move into the

% MATH FUMCTIOMS i
CEEVE- CEILING |
s St at Two |DEG*ERD
Sumbolic |FLOOR =
—|Test=s w|FHREOOT  w»|—

PTHS|CHO: [COME ] [CAMCL] OF |

e MATH FUMCTIONE & i
Matrix &XCHAMGE &)=
¢ [Folynom. |XTOTHAL
Prob. EAD*DEG |2
—[Esal_r |-

PTHE|CHOS[COME]  [CAMCL] Ok |

right hand menu (see above). Move the highlight down through this menu

until you reach Round. Press ENTER.
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You should now be back HOME, with the function
ROUND( entered in the display as shown right. You
can also achieve the same effect by using ALPHA to
type in the word letter by letter. Some people prefer
to do it that way.

Now type in: 4+D/18,3) and press ENTER
As you can see, the effect was to round off the answer

of 4666666.. to 3 decimal places.

There are shortcuts for obtaining things from the MATH
menu that are covered later (see page 47).
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EVERYTHING REVOLVES AROUND APLETS!

A set of “aplets” is provided in the APLET view on the hp 39g+. This
effectively mean that it is not just one calculator but nine (or more), changing
capabilities according to which aplet is chosen.

The best way to think of these aplets is as “environments” or “rooms” within
which you can work. Although these environments may seem dissimilar at
first, they all have things in common, such as that the PLOT key produces
graphs, that the SYMB key puts you into a screen used to enter equations and
rules, and that the NUM key displays the information in tabular form.

There are ten standard aplets available via the APLET key. More can be
created by you or obtained via the Internet (see pages 212 & 200)

The Function aplet (see page 51)

Provides f(x) style graphs, calculus functions etc. It will not only
graph but find intercepts, intersections, areas and turning
points.

The Inference aplet (see page 150)

Allows the investigation of inferential statistics via hypothesis
testing and confidence intervals. This was not available on the
hp 38g, the original calculator upon which the hp 39g+ was
based.

The Parametric aplet (see page 100)

Handles x(t), y(t) style graphs. Can also be used to help with
vector motion.

The Finance aplet (see page 160)
Performs calculations involving time/value of money.

The Polar aplet (see page 106)

Handles r(0) style graphs. Quite apart from their mathematical
use, they produce some really lovely patterns!
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The Quadratic Explorer aplet (see page 164)

This is a teaching aplet, allowing the student to investigate the
properties of quadratic graphs.

The Sequence aplet (see page 107)
Handles sequences suchas T,=2T ,+3 T,=2 or T, =2"".
Allows you to explore recursive and non-recursive sequences.

The Solve aplet (see page 113)
Solves equations for you. Given an equation such as
A=2zr (r +h) it will solve for any variable if you tell it the

values of the others.

The Statistics aplet (see page 122 & 132)

Handles descriptive statistics really well. Data entry is easy, as
is editing. It analyzes univariate and bivariate data, drawing
scatter graphs, histograms and box & whisker graphs.

The Trig Explorer aplet (see page 167)

This is a teaching aplet, allowing the student to investigate the
properties of sine and cosine graphs.

The Function aplet is probably the easiest to understand and also the one
you will use most often, so we will have a very quick look at this aplet.

................... HFLET LIEHF'HIII m
Polar HKE
Faramet-ic _BEE

The APLET key is used to list all the aplets and start,  [[qference T
reset or save them. Statistics -17EE =

The SYMB view is used to enter equations....
It can store up to ten functions.

The NUM view shows the function in table form...
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The PLOT view is used to display the function as a afy
graph... \ ; I

=
The BN key gives access to a number of other
useful tools allowing further analysis of the function. i

Although these views are superficially different in other aplets, the basic idea
is usually similar.

Having said that aplets are best thought of as “working environments”, it is
equally true that aplets are essentially programs, with the standard ones
simply being built into the calculator. This is a programmable calculator,
having its own programming language and able to perform quite
sophisticated tasks.

Unless you particularly want to learn about the programming language, there
is no reason why you should worry about it. The standard aplets will cover all
of your normal requirements in mathematics.

However one of the great strengths of the hp 39g+ is its ability to “download”
additional aplets from other calculators, from a PC or Mac and from the
Internet. See page 200.

A cable and software were provided with your hp 39g+ which you can use to
connect your PC or Mac to your calculator and then download aplets from the
computer to the calculator or to save your work to the computer. If you have
an hp 38g, hp 39g or hp 40g then you need to buy the cable separately.

If you are using an hp 39g+ then the cable connects to the USB port on your
computer. If you are using an hp 39g or an hp 40g then you will need to
purchase the cable and download the software from Hewlett-Packard’s
website.

More information on this can be found on pages 200 - 226.

Calculator Tip
Search on the web using the key word “hp 39g” and you

will find a variety of sites which contain information and
aplets.
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Once an aplet is transferred onto any one calculator, transferring it to another
takes only seconds using the built in infra-red link at the top of each
calculator. This is exactly like the remote control of a VCR, and allows two
calculators to talk to each other. In the interests of security in examinations
the distance over which they can communicate is limited to about 8 - 10cm
(about 3 - 4 inches). See page 197 for details on this process.

Aplets are available to do many mathematical tasks such as statistical
simulations, time series analysis and many tasks called for in calculus,
physics and chemistry. There are a number of web sites which offer aplets.

The Hewlett-Packard site is found at...

http://www.hp.com/calculators/
(follow the links to graphical calculators and then to the library
of aplets)

In addition to this you should check the site called The HP HOME view which
can be found at...
http://www.hphomeview.com
(contains not only aplets and games, but also a huge amount of
detailed information on the calculator.)

Calculator Tip
The aplets for an hp 39g, hp 40g and hp 39g+ are
interchangeable but not those of an hp 38g. If you load an

aplet from an hp 38g onto an older model then the
download will appear to be successful but the calculator
will “crash” when the aplet is run.

The entire topic of aplets is discussed in more detail in the chapter entitled
“Using, copying & creating aplets” on page 189.
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THE HOME VIEW

In addition to these aplets, there is also the HOME view, which can best be
thought of as a scratch pad for all the others. This is accessed via the HOME
key (just below the APLET key) and is the view in which you will do your
routine calculations such as working out 5% of $85, or finding V35. The
HOME view is the view that you will most often use, so we will explore that

view first.

What is the HOME view?

This is the HOME base for the calculator. All other
aplets can be accessed from it and affect it to varying
degrees, and all mathematical functions are available
in this view. Learn to use this view as efficiently as

possible, since a great deal of work will be done here.

We will explore the HOME view in the following order:

Exploring the Keyboard

Angle and numeric settings

Memory management

Fractions on the hp 39g+
The HOME History

Storing and retrieving memories

[RAD FUMCTION
o+HE
11
el C4E2+52)
19. 2893727125

Referring to other aplets from the HOME view

An introduction to the MATH menu

© ® N o 0o bk~ w0 DN =

Resetting the calculator

25

=TOk




Exploring the keyboard

It is worth familiarizing yourself with the mathematical functions available on
the keyboard. If we examine them row by row, you will see that they tend to
fall into two categories - those which are specific to the use of aplets, and
those which are commonly used in mathematical calculations.

The first row of blank keys are context defined. The
reason they have no label is that their meaning is
redefined in different situations - they are the
‘screen keys’. The current meaning of each key is
listed in the row of boxes at the bottom of the
screen.

A common abbreviation used for these keys is SK1
or SK2 etc (for “screen key 1”). In the PLOT view
shown above, some of the screen keys are labeled,
such as the M key. When you press this the row of screen keys labels
appear or disappear. To see another view where all the keys are in use,
change to the APLET view.

Calculator Tip

Develop the habit of checking the screen to see if any of
those keys have been given meanings. In many views, the
screen keys have been set up with useful shortcuts and
functions.

The next two rows of keys and part of the
third are mainly aplet related, so we’ll deal
with them as a group.

The arrow keys on the right are used in
most views, usually to move the cursor (a
small cross) or the highlight around on the
screen.
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The APLET key is used to choose between the
various different aplets available. Everything in the
calculator revolves around aplets, which you can
think of either as miniature programs or as

environments within P
TeT—— which you can work. 5@ FUNCTION
The hp 39g+ comes with ten standard aplets - =
Finance, Function, Inference, Parametric, TAn=
Polar, Quadratic Explorer, Sequence, Solve, 3
Statistics and Trig Explorer. Which one you

want to work with is chosen via the APLET key. —

Calculator Tip

The name of the active aplet is shown at the top of the
screen, as above. It is important to bear this in mind
because the angle and numeric settings are tied to the
active aplet. Changing aplets may therefore cause these
settings to change in HOME too.

See page 35 for more details on this.

In addition to the standard ten, covered in great detail in the chapters
following, many more aplets are available from the Internet written by other
programmers. Once these are downloaded into your calculator they can also
be accessed via the APLET key. For more detail on this type of aplet, see
the brief summary later in this section, and the chapter entitled “Programming
the hp 39g+” on page 212.

The SYMB, PLOT and NUM keys are used within aplets to
move from view to view. In most aplets the PLOT view
shows the graph, the SYMB view shows the equations and
the NUM view shows the equations in tabular (numeric)
format.

Flot-Detail

The VIEWS key pops up a menu from which you can Flot-Tahle —_—
choose various options. Part of the VIEWS menu for . |Querlag Plot H
the Function aplet is shown right. See page 92 for -3 E:E‘i‘mgfale o

more information. —
[ 1 1 [ [iAMiL] OK |
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The VIEWS menu is provided for two purposes...

Firstly, within the standard aplets (Function, Sequence, Solve etc.) it provides
a list of special views available to enhance the PLOT view.

For example the standard PLOT screen provides a

graph, but the VIEWS menu lets you use a split screen
such as shown right. Information on the VIEWS menu
is given in the chapter dealing with the Function aplet.

Fi

M i e
-524Eq7

NILREL:

-BB7E5E
-7aygan

200t4] | [ FCH JDEFM] |

In addition to this, the VIEWS key also has a critical role when using aplets
which have been downloaded from the Internet. When a programmed aplet
is created for the hp 39g+, a menu is provided by the programmer to let you

control and use it. This menu is tied to the VIEWS key,
replacing the menu normally found on the key. For
example, the snapshot shown right is of a VIEWS
menu taken from an aplet designed to analyze and
graph Time Series data.

The next important key is the HOME key. It allows you
to change into the HOME view from wherever you are.
Above it is the MODES key, accessed by pressing
SHIFT first. Far more detailed information on these
two views follows later.

The VARS key is used (mainly by programmers) to
access all the different variables stored by the
calculator.

Shown right are two views of the VARS screen, the first
from the HOME list showing the graphic variables
(memories) G1, G2.... and the next from the APLET
list showing some of the variables in the set controlling
PLOT.

1.Enter data
2.Moving Awvge
3.5e3=. adj.

4. Avged resid.
Graphs... L

|1 | |  [tAMiL] Ok |

= 1

oo

|
= =1

FUMCTIOM

RAD)
5623
19. 5260369365
S IMC2Ems20
« SEREZ34EA3 VS5

@’mﬂmm

e

G2 o
G4 |-

Library
—|Li=t L ]

PO Dl e g R

5 FUMCTION VARE 3 5

Elct 1]
wIPlot FCH
Sumbolic
—|Humeric »

Connect
Coord o
FastEe=s ¥|-

[APLEs] [VHLUE|CAMCL | OF |

N’

The VARS key is not generally used much, and you may not have followed
this explanation. Don’t worry. The VARS key is mostly used by programmers
who want to produce aplets of their own and is discussed in more detail in
the chapter entitled “Programming on the hp 39g+” on page 212. Uses are
also detailed in the Function aplet’s “Tips and Tricks” section on page 69.
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The MATH key next to VARS provides access to a

library of mathematical functions. The more % A MATH “FUNCTIONS i
common functions have keys of their own, but there Matrix AFHEOOT 41
. o v Polarnom. |FREAC

is a limit to the number of keys that one can put on a Pob., HHS+ o
calculator before it takes too long to find the key —|Esal I~ ERREEE |-
required. [MTHa|CHDE]CONS | [thMCL] OF. |

The MATH menu lists all those functions that would not fit onto the keyboard
plus some which also appear on the keyboard. Shown in the screen
snapshot above is a small selection of the total list. For a listing of almost all
the functions, with examples of their use, see the chapter entitled “The MATH
Menu” on page 243.

Most of the keys have another function in light blue above the
key. The hp 39g+ gets twice the action from each key by
having this second function.

The second function is accessed via the SHIFT key on the left side of

the calculator. Although this book will sometimes tell you explicitly to press
this key, in most cases it will be assumed that you are intelligent enough to
work out for yourself when it is necessary to press it.

The ALPHA key gives alphabetical characters, shown below right of
most keys. Pressing SHIFT ALPHA gives lower case. If you press

and hold down the ALPHA key you can ‘lock’ alpha mode but this w
doesn’t work for lower case. Many people use this to type in

functions by hand rather than using the MATH menu.

Calculator Tip
You can use the ALPHA button to type in functions by

hand instead of going through the MATH menu. This is
often faster.
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The SETUP views, above PLOT, SYMB and NUM, |—"‘—— SETUF
are used to customize their respective views. For

example, the PLOT SETUP screen controls things m m
like axes, labels etc. Their use changes in

different aplets, so for more information see the

explanations in the chapters dealing with the various aplets, particularly with

the Function aplet on page 55.

In particular, the SYMB SETUP key is only used in one place, which is to
choose the data model for bivariate statistics in the Statistics aplet. It is not
available in the other aplets and trying to access it will result only in a quick
flash of an exclamation mark on the screen to say “You’ve done something
wrong!”.

MNOTE- . SKETCH

Information on the use of the SKETCH and NOTE keys I APLET l | wmsl

(above APLET and VEIWS) can be found in the

chapters “Using the Sketchpad” and “Using the Notepad Catalog” on pages
184 & 178. Briefly, any aplet (except for the Quad & Trig Explorer aplets)
has a note and a sketch associated with it, which are usually blank unless
you have added to them.

The main use for them comes with aplets downloaded from the Internet.
Instructions for using the aplet are sometimes included with the aplet in note
form, and sometimes as an accompanying sketch.

..................... T TAODES
AMGLE MERZURE: [pElahEE gl

_ _ HUMEER FORMAT: S5t andard
The MODES view (see right) controls the DECIMAL MARK: Dot €, )
numeric format used in displaying numbers
and angles in aplets. At the bottom of the CHODZE AMGLE MEAZLRE
screen you will see that one of the screen keys gz TENTHE_HODE: 35
has been given the function MITIHE. Pressing  [iNglz—=rz:== r———
this key pops up a menu of choices from which [wut|Begrees
you can select the option which suits you. The RECH Crads
default angle setting is radians. CHOOSE ANGLE MERSURE

Calculator Tip
If you don’t want to use the menu then, rather than
pressing MITHE, highlight the field and then press the ‘+

key repeatedly. This will cycle through the choices without
popping up a menu. This can be much faster if the menu
has only a few choices.
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The choices for ‘Number format’ are shown . o
on the right. Standard is probably the best DECII Eﬁ;?g;é:ﬁiﬁg
choice in most cases, although it can be a little Frraction
annoying to constantly have 12 significant
figures displayed. In Standard mode, very o

large and very small numbers are displayed in scientific notation.

The Fixed, Scientificand i

Engineering formats all require you to :ﬁﬂﬁﬁ”ﬁ::mﬁilﬂﬁ 4
specify how many decimal places to display. DECIMAL MARK: Dot .0

The screenshot right shows Fixed 4, which TITLE: HOME

rounds everything off to 4 decimal places. Of  |CHOOZE FORMAT FOR HUMEERS
course, you can change the 4 to any other L=l
number you want.

A setting of Scientific notation ensures that any results are displayed in
scientific notation. Of course, the calculator’s idea of scientific notation may
not be the same as yours. Since the calculator has no way of displaying
powers as superscripts, a result of 3-203x10" has to be displayed as
3.203E4. The alternative of Engineering notation is very similar to
Scientific, except that powers are always displayed as multiples of 3.
This is done to allow easy conversion
in the Metric system, which also works
in multiples of 1000.

FUMCTIOM

I2E30. B0EG

EIRA0|
S2E3E
- BBB50EY

The screens right show the same two
numbers displayed as in turn as; Fixed 4,
Scientific 4 and Engineering 4.

3. 2838E
2. EE7HE-

« BEESEEY

22.830ES
266, FHE-&

« BEA3EEY

Calculator Tip

If you have Labels turned on when you HIiHl in (or out)
on a graph then you may end up with axes whose numeric
labels are horrible decimals (see below right).
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1.2[%
The setting of Fraction can be quite /-\,_ u
deceptive to use and is discussed in more 31 55355‘13 3.14155265358
detail on page 40.

The next alternative in the MODES view of

‘Decimal Mark’ controls the character which il FUNCTION
is used as a decimal point. In some countries
a comma is used instead of a decimal point. 2%y 3 .

ZTOK
If you opt to use a comma rather than a full

stop then any places where a comma would normally be used (such as in
lists) will swap to using a full stop. Any functions which might normally have
terms separated by a comma will use a full stop instead. For example,
ROUND(3.456,2) will become ROUND(3,456.2).

Moving back to our tour of the keyboard, the next key is the ENTER key. This
is used as an all purpose “I've finished - do your thing!” signal to the
calculator. In situations where you would normally press the ‘=" key on most
calculators, press the ENTER key instead.

R AD| FUMCTION
i+

Above the ENTER key is the ANS key. This can HAns
be used to retrieve the final value of the last
calculation done. An example of this is shown
right.

ETOk

2 HAMDE OFF...

If you are not confident about using brackets, — [#EHE

then the ANS key can be quite useful.
CI-FE2as02E+5E0

For example, you could calculate the value of “8.9871817ez95E"2

LI I I D
3-7x2 ; HANDE OFF... 3
e by using brackets. .. %E:EIS“E

[3=V¥22-Ans
—8. 027121 7E8295E-2

.... or you could use the ANS key. T I N N .
ZTOk
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An alternative to using the ANS key is to use the History facility and the [Ed
function. This is discussed on page 43.

Another important key is the (-) key (shown right). '
P y (-) key ( ght) (-) " ENTER

If you want to calculate the value of (say) —2—(-9) then

you must use the (-) key before the 2 and the 9 rather than the subtract
key. If you press the subtract key before the 2 instead of the (-) key, then
the calculator will enter instead: Ans - 2, meaning, subtract 2 from the
previous answer. Similarly, entering ‘subtract, subtract 9’ instead of ‘subtract
(-) 9’ will give an error message of “Invalid syntax”, meaning it does not make
mathematical sense to have two subtract signs instead of a subtract of a
negative.

The reason for the Ans - 2 is that a subtract cannot start a ‘sentence’ in
mathematics, while a negative sign can. Since the subtract can’t come first,
the calculator decides that you must have intended to subtract from the
previous answer. Hence the sudden appearance of an Ans. This occurs at
other times too. One of the most common

The next important key is the CHARS key (above VARS). This key is used to
access all of the many characters that are used occasionally but not often
enough to bother putting on the keyboard.

% SPECIAL CHARACTERS 33 2
EerLfazvtdenii?_

Pressing SHIFT CHARS will pop up the screen ﬁf‘ﬂ ! ﬁﬁgii;ﬁ:i
above right. One of the screen keys is set to
be a ‘Page Down’ key (=), and will give SELECT A CHARACTER AND PRESS OK

access to two more pages of characters. LECHD |1 __PhaE W JIAHILL DK |
i % SPECIAL CHARACTERZ: & i

BEvéaenBupTpotde

. . OEE ST, "7 =",

These special characters are obtained by Ea PR L T

pressing the screen key labeled EXI1. You
can press I as many times as you need to  [fELECT & CHRERCTER AMD PRESS Ok
. . . [ECHO| | & PRAGE W [(AWCL| OF |
in order to obtain multiple characters. When

you have as many as you need, press the SRR SPECIAL CHARACTERS S
IT&l key RAARARECEEEETf 1]

| PHAGAEOXELILOFER
HAA558pcaEstEiiT

aaaaaa

SELECT A CHARACTER AMD PRESS DK
[ECHO| | & PRGE W [CAMCL] Ok
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The next important key is the DEL key at the top right of the
keyboard. This serves as a backspace key when typing in
formulas or calculations, erasing the last character typed. If you
have used the left/right arrow keys to move around within a line of
typing, then the DEL key will delete the character above the
cursor. The CLEAR key above DEL can be thought of as a kind of ‘super
delete’ key. For example, if pressing DEL would erase one function only in
the SYMB view then CLEAR will erase the whole set.

Calculator Tip

Another use for the DEL key is to restore factory settings.
For example, if you move back into the MODES screen and
change to Degree mode, then pressing the DEL key will

restore the default of Radians. Pressing CLEAR in the
MODES view would restore factory settings to all the
entries. This is particularly useful in the PLOT SETUP
view.

The remaining keys of LIST, MATRIX, MEMORY , NOTEPAD and PROGRAM
have special chapters of their own.
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Angle and Numeric settings

It is critical to your efficient use of the hp 39g+ that you understand how the
angle and numeric settings work. For those upgrading from the hp 38g this is
particularly important, since the behavior is significantly different.

On the hp 39g+, when you set the angle measure or the numeric format in
the MODES view, it applies both to the aplet and to the HOME view. However,
this setting applies only to the currently active aplet (the one highlighted in
the APLET view). This means that if you change active aplet then these
settings may change also, not only for the aplet but in the HOME view too.

For example, suppose you have been
performing trig calculations in the HOME view

with the Function aplet being currently active, BT o

and have set the angle measure to DEG.

If you were to now change to the Solve aplet in II'I'FE'I"E'I'IHCF:-E'ET LIERRRY Bk E

order to solve an equation then the settings Parametric BKE
would revert to those of the Solve aplet; Folar BkKE
probably be radians unless you had also SeqUencE HkE
changed those as well.

RECY |ZTART

Radian measure is the default for all aplets

and thus also for HOME unless you change it.
Performing the same calculation in HOME = IMC2E
would now give a different result (see right).

- . 982021624093

m

Although this may seem to be a strange way of doing things, there is actually
a very good reason for it. The hp 38g did not behave this way and it caused
a number of users to have difficulties as you'll see on the next page.
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FUMCTIOM SYPEDLIC YIEW

Suppose we define a trig function in
the Function aplet as shown.

Fq'I:H}: ............. FuHchuH FLuT EETuF .............
czezin e 6 M
EDIT |+ CHE] QLA IcHE— =i . .
The default setting for the Function -.:mm: 1 WTICK: 1
aplet is radians, so if we set the axes to extend [fE¥ D[etail
from -zto z, the graph would look as shown ENTEE MINIMUM VERTICAL VALUE
. EDIT PAGE ¥
right.
In the PLOT view shown, the first positive root /_\-_ /\-.
has been found (see page 63) as x=1.0471... '\\/’ v
F.OOT: 1.04718975512 [FENL
On the hp 39g+, if we now change to the HOME Rﬂt FURCTION
view and perform the calculation shown right, 1.8471973513
we expect that the answer should be zero, as  ltRoot2 :
indeed it is.

FTOk

However, this is only the case because the angle measures of HOME and the
Function aplet agree. The problem was that on the hp 38g the default setting
for the Function aplet was radians, while HOME had a default setting of
degrees and its setting was independent of those of the aplet. This meant
that a calculation such as the one above would give incorrect results, and
caused considerable confusion to some students. It even resulted in users
returning their hp 38g to dealers as ‘faulty’!

The only drawback of this method is that you

might change aplets and forget that it may also
change settings. For this reason, the name of [FIH.3@2
the active aplet is shown at the top of the HOME
view as a reminder. STOr

L] 5
- 9E8E21 624893

On the hp 39g+ you can see that if we turn Labels on and then PLOT, the
numeric mode also affects the axis labels.

..................... HOME MODE: B
AMGLE MERZURE: Radians

HUMEEF FORHAT: [ a

DECIMAL MARE: Dok C. D 3207y
CHOOZE FORMAT FOR WUMEERS /F\\ /\\
A (T T N I D 31 -\/- v 314

10 F1iki: 0
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This setting also applies to the appearance of equations and results

displayed using the SHOW command.

Calculator Tip

Under the system used on the HP39+, if you want to work
in degrees then you will need to choose that setting in the
MODES view and possibly set it again if you change to

another aplet. Some people choose to go through and
change the setting on all the aplets at once so that they
don’t have to remember that it might change. However, if

ou the aplet the default setting will return.

Memory Management

One of the major complaints about the hp 38g was its memory - mainly the
lack of it, but also the inability to control or manage it. This problem has been
addressed on the hp 39g+ in two ways. Firstly, the hp 39g+ has over ten
times the useable memory of the hp 38g. At 232 Kb (vs. only 23 Kb), there
are very few users who will come close to filling the hp 39g+. Depending on
size, there is enough room for at least fifty aplets, or for over 10,000 data

points.

In addition to extra memory, the hp 39g+
supplies a better way to control it through the
MEMORY MANAGER view. If you press the
MEMORY key you will see the view shown right.
Scrolling through it will show you exactly how
the available memory is currently being used.
The remaining memory, in Kb, is shown at the
top right of the screen. This view gives an
overview of the memory. For detailed
management the ET% key is provided.

................ MEMORY MAMAGER G ICETd
Aplet =

Frogram=s 326.2KE 15%
Hotes AKE <1%
Matrices 1KB <1%
Lists=s HAEEB <1% w=
1 1 1 [ JUWEW]

................ HEMOET MAMAGER EEEE%
Matrices KB <1% &
List=s HEB <1%
Graphics 1KB <1%

HiEtDFE LAKE 1%

Pressing T on any entry will take you a relevent screen in which you can

delete entries no longer needed.

For example, with the highlight on Aplets,
pressing EIER will take you to the APLET view
(right), where you can choose to delete or
reset any aplets no longer required.
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As you can see in the screen snapshot on the previous page, my calculator
has a number of extra aplets. Two of them, Statistics2 and Statistics3 are
simply copies of the normal Statistics aplet containing data that | did not want
to lose. The top two aplets Curve Area and Coin Tossing are teaching aplets
that | have downloaded from the internet.

If you use teaching aplets that you download i PROGRAM CATALOG qu.mE
from the internet via the Connectivity Kit, or EHEEE EE %éﬁg
which are supplied to you by your teacher via "CURVE. S " BTEE
the infra-red link on your hp 39g+, then you . CURYE. TE . 24KE
need to bear in mind that most of them have - CLIRVE . LIF

‘helper’ programs that aid them in performing EDIT | MEH RECH | RN
their tasks. In the screens shown right you can sz PROGRAM CATALDG gl
see some of the programs which are attached | EH?HE'SEH . ??EE 4
to these two teaching aplets. The convention |.COIH. & L SOKE
which most hp 39g+ programmers follow is to | COIN.5H . 3EKE

 COIN. TS

name these ‘helper’ programs in a way that
associates them clearly with the parent aplet.
The memory associated with these programs is not included in that shown for
the aplet in the APLET view but will not usually be a large amount.

EDIT | HEW KECY | KUM

Calculator Tip

The reason for this naming convention for ‘helper’
programs is that when you delete the parent aplet in the
APLET view the ‘helper’ programs are not automatically
deleted with it. You must change to the Program
Catalog view and delete them manually after you have
finished with the teaching aplet and deleted it in the APLET
view. If you don’t do this then they will continue to take up
memory on the calculator. Even on the hp 39g+ this is not
infinite and too many left over programs will eventually
cause problems.

................ MEMOEY MAMAGEFR 33 :ElY

As mentioned on the earlier, pressing @AM in  [Arlets 9.7KE 4%

the MEMORY MANAGER screen takes youtoa  |Fr@grams  36.zKE 133

. . . Mot es AKE <1%

relevent view showing greater detail. For lat-ices £1%
example, the Matrices entry right shows 0.1 Kb |[List= BKE <1% =
in use. Pressing HIIEM will take you to the A I I N .
MATRIX CATALOG view which shows exactly it s 183Kk

. H iER “IHT kKl

where the memory is being used and allows MZ 41 REAL MATRIY OHKE

you to delete any or all of the matrices, or you  |M3 ux1 REAL MATEIX DYEE

can enter the view in the normal way by M 181 REAL MATRIX OKE
M5 181 KEAL MATEIYN OKE W

pressing SHIFT 4.

EDIT | HEW
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The History entry will take you to the HOME view, where pressing SHIFT

CLEAR will clear the History.

There are two views, shown right, for which the
only access is via the MEMORY MANAGER
screen. The first of these, the GRAPHICS
MANAGER, shows some memory in use on my
calculator due to the screen captures | am
performing to show you these views. Yours
will probably be empty.

The second of these is the LIBRARY
MANAGER, and this will almost certainly be
empty unless you have games loaded.

GRAPHIC MAMAGEFR

G3 1x1 HEE w

HeHory: 1eaded | Selact: [1)
o Entrigs

Generally, the only aplets which use libraries are those such as games which
are written by expert programmers in machine code in order to make them
run as fast as possible. These games, available on the internet, are listed in
the APLET view along with the normal aplets and when you delete them the
associated library is automatically deleted with them, unlike the case of the

‘helper’ programs.

Calculator Tip

Because of the amount of memory available on the

hp 39g+, the Memory View is not one that you will normally
need to worry about. It is probably of more interest to

programmers.
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Fractions on the hp 39g+

Earlier we examined the use of the MODES view, and the meaning of Number
Format. We discussed the use of the settings Fixed, Scientific and
Engineering, but left the setting of Fraction forlater. The Fraction
setting can be a little deceptive.

Most calculators have a fraction key, often labeled a% , that allows you to

input, for example, 1% as 1-2-3 or something similar. What these
calculators usually won'’t do is allow you to mix fractions and decimals.

On most calculators 1%+3-7 will give a decimal result - the calculator will

not attempt to convert the 3-7 into a fraction. The reason for this is that
while some decimals like 0.25 are easy to convert to a fraction, others, such
as recurring ones, are not so easy. Most calculators opt for the easy option
of switching to a decimal answer in any mixture of fractions and decimals.
The makers of the hp 39g+ took a very different approach. Once you select
Fraction mode, all numbers become fractions - including any decimals.

HAMD: OFF...
The first point to remember is that there is no
provision for inputting mixed fractions such as St
1% . Fractions are entered using the divide 1-6
key and, while the calculator is quite happy BT I

with improper fractions such as 5/3, it
correctly interprets 1/2/3 as one half divided by 3 and gives a result of 1/6
. The solution to this is simply to enter mixed fractions as (1+2/3).

Calculator Tip
You need to be careful with brackets or “order of

operations” problems may occur, such as 1% *% being

interpreted as 1+(2/3%1/5) rather than as it should be:
(1+2/3)*1/5. When in doubt, use brackets for mixed
fractions.
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Some examples are... (using Fraction 4 or higher)

RAD] FUMCTION
1. E+f:£ 1-3+4-5
3 5 15 1715
S+H1 /300441720 P
Ny
5 gl 4,1 41
3 2 6 ZTOk

The second point to remember involves the method the hp 39g+ uses when
converting decimals to fractions, which is basically to generate (internally and
unseen by you) a series of continued fractions which are approximations to
the decimal entered. The final fractional approximation chosen for display is
the first one found which is ‘sufficiently close’ to the decimal.

The trap lies in what constitutes ‘sufficiently close’, and this is determined by
the ‘4’ in Fraction 4. Roughly, the calculator will use the first fraction it
finds in its process of approximation which matches the decimal to that
number of significant digits.

For example, a setting in the MODES view of...

m FUMCTIOM Sy
. 234
3 2135
Fraction 1 changes 0.234 to e <234 = 30
which is actually 0.2307692... TOr
(matching to at least 1 sig. fig.)
Fraction 2 changes 0.234 to %
which is actually 0.2333333... FAD| FUMCTION
(matching to at least 2 sig. fig.) - 254 114
Fraction 3 changes 0.234 to U - &34
9 - 47 11758

which is actually 0.2340425... m

(matching to at least 3 sig. fig.)
Fraction 4 changes 0.234 to 117 (or 234
500 1000
which is exactly 0.234

Essentially, the value of ‘n’ in ‘Fraction n’ affects the degree of
precision used in converting the decimal to a fraction. As was said earlier,
the calculator will use the first fraction it finds in its process of approximation
which matches the decimal to that number of significant digits.
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The Fraction setting is thus far more RAD] FUNCTIDN g
owerful than most calculators but can require | SE5E

b : an req 23255000

that you understand what is happening. It . BEEEE

should also be clear why a special fraction 245

button was not provided: the ‘fractions’ are

never actually stored or manipulated as 2l

fractions at all!

As you can see in the screenshot right, a setting of Fraction 4 produces
a strange (but actually correct) result for 0.666, while adding one more 6 (to
take the decimal beyond 4 d.p.) will give the desired result of 2/3. In other
words, so long as you understand the approach taken by the hp 39g+ it is
capable of producing results which are closer to what was probably intended
by the user in entering 0.66666.

If you want to use this facility to convert decimals to fractions, here are some
tips...

m FUMCTION S
22232232222
2399
222332
= if you are converting a recurring decimal to a 25
fraction, then make sure you include at least —
one more digit in the decimal than the setting -
. f : RAD| FUMCTIOM
of Fraction in MODES. As you can see in S ananan
the second screenshot, failing to include 4166654 7499997
enough decimal places does not produce the |« 8333333
. 5
desired result.
. . . ZTOK
= if you are converting an exact decimal to a
fraction, then set a Fraction n value of at ol FUNCTION B
least one more than the number of decimal 1.4
places in the value entered. Both examples - 523 e
right were done at Fraction 6.

FTOk

Not understanding the significance of the setting of Fraction can
produce some unfortunate effects. For example, at Fraction 2, the value of
123.456 becomes 123, with the 0.456 dropped entirely.

Similarly, one of the earlier examples at the top of the previous page was
1/3 + 4/5 = 17/15.
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If you use a setting of only Fraction 2 to 1%#13*5 FUNCTION

perform this, you will find to your amazement o7
that1/3 + 4/5 = 8/7 , whereas using 1-5+4-5

Fraction 6 gives the correct answer. 1713

ETOk

The reason for this ‘error’ is that the 1/3 and 4/5 were converted to
decimals and added to give 1.133333.... This was converted back to a
fraction to give 8/7 (1.1428. .) matching sufficiently closely in Fraction
2 to be accepted.

The HOME History

The HOME page maintains a record of all your calculations called the History.
You can re-use any of the calculations or their results in subsequent
calculations.

DES) FUMCTIOM
Try this for yourself now. Type in at least four =75 a7
calculations, pressing the ENTER key after 1--2
each one to tell the calculator to perform the

calculation. |

You will now be looking at a screen similar to the one on the right (except
probably with different calculations).

If you now press the up arrow key, a
highlighted bar moves up the screen. When
you reach the top of the screen the previous 4.9149] 22657
calculations will scroll into view. Pressing SRS

SHIFT up-arrow takes the highlight to the top
in one movement.

FUMCTIOM

- 37

You may have noticed that as soon as the FUHCTIDN

highlight appeared so did two labels at the 3. 91491 2EEET
bottom of the screen. If you now press the 20

screen key under i@ you will find that the - 37
highlighted calculation will be copied on the D2 #L05(353)

edit line. This is shown in the screen shot on
the right.
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At this point you can use the left and right arrows and the DEL key to edit the
calculation by removing some of the characters and/or adding to it.

For example, in the screenshot right, the FUNLIION
calculation of 3*2*C0S(35) has been edited 4.91491 22657
to 3*C0S(35). =P
« 37
Sx405035)

Pressing enter will now cause this new calculation to be performed.

Calculator Tip

= Pressing ON during editing will erase the whole line.

* Pressing SHIFT CLEAR erases the whole history.
This is worth doing regularly, since the history uses
memory that may be needed for other things, even with
the immense amount of user memory the hp 39g+ has.
You can [ calculations and results from any
number of different lines in building your new
expression.

Next to the I key you will see another screen key labeled EIIE. This
key will display an expression the way you would write it on the page rather
than in the somewhat difficult to read style that is forced on the calculator
when it must show the whole expression on one line. This works anywhere
the EIIY label appears, not just in HOME. Some examples...

HNEG] FUMCTION
[3+2.7]
CO+2EF A CE—=T7a > ==y
1.288220582999
I I D D B BT
DE 5| FUMCTION
Ca+2%7 0.0 2—=72
1.35833233232539 . W
I D D D B T
1% ..... é..:.a Fur&:;‘llgﬂ ........................
S -4 (-B+[E—4AL)
'Z-EF+J"ZEFE—4-I-H-I-E}}I'IE*FI3 > A
ZTOK I I D D B T
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Storing and Retrieving Memories

Each of the alphabetic characters shown in orange below the keys can
function as a memory. Some examples of this are shown in the third and
fourth examples above where the values of 1, -3 and -4 are stored into A, B
and C and the value of 3 is stored into X. All of this ‘storing’ of values is
done with the key, which is one of the screen keys listed at the bottom
of the HOME view. There are ways of obtaining even more memories than
these 26 alphabetic ones, such as storing values into a list (see page 176),

but 26 is enough for most people.

Once stored into memory, a value can be used
in a calculation by typing the letter into the
place where you would normally use the value.
Typing a letter and pressing ENTER will display
memory’s contents.

HEOEEEE HAMDE OFF... Al
S¥kE-Son+]

27
"

3
[ESTT I I I B

There is an advantage to storing results in memories, particularly if they are
long decimals, or if you're going to be re-using the result a number of times.

As an example, we will perform the calculation of

4x (-3)
5 .
2-3-5

We will do this in two stages, calculating the top and bottom of the fraction

and storing the results in memories.

Firstly the top of the fraction, storing the result
in memory A, then the bottom, storing in B.

And then finally the result...
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Referring to other aplets from the HOME view.

Once functions or sequences have been defined in other aplets, they can be

referenced in the HOME view.

Suppose we use the Function aplet to
define F1(X)=X2-2 and
F2 (X)=eAX as shown right.

e.g. 1

EEEEEE FUNCTION SYMEOLIC VWIEW SSEE5EE
wELCRa=mE—2
cFai

Fadka= L

EDIT [ CHE] # |  [SHOM]EVAL |

These functions now become accessible not only from within the HOME view
but also within any other aplet also. This is shown by the screen shots

below.

The results shown will (of course) depend on
your settings in the MODES view.

The reason for the QUOTE (X-2) rather than
just X-2, is that using X-2 would tell the
calculator to use the value currently stored in
memory X, while QUOTE (X-2) tells it to use
the symbol. The QUOTE function is available
through the MATH menu under Symbolic (see
page 257).

EADED] HOME [
F1c5o
23
F2c42
24. 5981580332
[ESTT I I B B .
[EG] HOME [AFEE
F1CRUOTECK-222
CH—21E-2

F2eF1CQUOTEC R 20
2. F18281 82848 (nE—20

IELCTH I N B N .

This type of work is actually far more easily done in the Function aplet, where
QUOTE is not needed and the key does a better job. See page 71.

e.g.2 Suppose we use the Sequence aplet
to define a sequence with

T,=3T,=1and T,=2T_,+T,_ , .

In the HOME view, the sequence values can be
referred to as easily as the function values in
the previous example.
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w101 2=3
wilc=a=1

L1 cHa=2%01 cH-12+L1..,

H2cla=
cELCH-17+1CH-2)

(M-20[(H-13] W | Ul JCAMCL] OF |
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U1cza |
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An introduction to the MATH Menu

The MATH menu holds all the functions that are
not used often enough to be worth a key of
their own. There is a very large supply of
functions available, many of them extremely
powerful, listed in their own chapter later in the
book. When you press the MATH key you will

see the pop up screen shown right. The left hand menu is a list of topics.

1 e - :: o
CEEYE | CEIL IHG

1 St at-Two |DEGHRAD

Sumbolic |FLOOR

—|Test= w|FHEOOT

)

vl-

PTHE[CHDE[COMS | JCAMCL] OK |

Scroll through the topics until you find the one you want, then use the right
arrow key to move into the list of functions for that topic.

For example:

The function ROUND will round off to a specified
number of decimal places.

E.g. round off 145.25667 to 3 decimal places.

» Press the MATH key & right arrow (—) into
the Real group of functions.

» Press the ‘R’ key (the 9 key) to move to
the first of the functions beginning with ‘R’,
then move down one more function to
ROUND. Press ENTER.

= Now finish off the command and press ENTER again to see the result.

ﬁmmm ||||| -

R MATH FUMCTIOMS &
Eeal _ |#|%CHANGE
St at—Two |%TOTAHL

Sumbolic |ERAD+DEG
—|Test= v

.l.

vl-

PTHS[CHDE[COMS | [CAMCL] OF |

#[Hg HOME

FOUMDC 145, 23667, 32

145. 257

[ELC TN I I N B

See page 243 for a far more detailed look at the Math Menu.

47




Resetting the calculator

It is probably inevitable as the line between calculators and computers
becomes blurred that calculators will inherit one of the more frustrating
characteristics of computers: they crash! If you find that the calculator is
beginning to behave strangely, or is locking up then there are a number of
ways to deal with this.

Calculator Tip
If you are a user of external aplets then you may find that
one will stop working with the message “Invalid syntax.

Edit program?”. There is almost certainly nothing wrong.
Press IKIM, try a soft reboot as below, then run the aplet

Soft reboot

Pressing ON+SK3 will perform a soft reboot. It is perfectly safe
and will not cause any memory loss except that your HOME
History will be cleared. Hold down the ON key and, while still
holding it down, press the 3™ screen key from the left. The
calculator will very briefly display a boot screen and then
redisplay the HOME view, with the Function aplet as the active
one.
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Just on the rare chance that you may find that the calculator locks up so
completely that the keyboard will not respond a method of reset is provided
which is independent of the keyboard. This should never happen but it is
important to know how to deal with it in case it happened during a test or an
exam.

Soft reboot (Hardware)

On the back of the calculator is a small hole. Poke a paper clip
or a pin into this hole and press gently on the switch inside. To
the calculator this is exactly equivalent to a soft reboot as
outlined on the previous page. If you do this when the calculator
is locked up then the chances are that you will find that the
procedure will not only unlock the calculator but retain your data
intact.

Hard reboot (with memory wipe)

To completely wipe the calculator's memory press
ON+SK1+SK6. Hold down the ON key and, while still holding it
down, press the first and then the last screen keys. Release
them in the opposite order. Don't release SK1 and SK6
together - release SK6, then SK1, then ON. This method will
always cause complete loss of data. If you find that the screen
fills with garbage, or if the calculator’s in-built diagnostic routine
starts to run, then it is just that you have not released them in
the right order. Simply try again.

Calculator Tip
As a last resort, take the batteries out, including the disk
shaped back-up battery and wait a few hours. Reinsert the

batteries. Make SURE they go in correctly as you can very
seriously damage the calculator if you insert batteries the
way around.
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Summary

1.

The up/down arrow key moves the history highlight through the record
of previous calculations. When the highlight is visible, the Il key
can be used to retrieve any earlier results for editing using the left/right
arrow keys and the DEL key.

Care must be taken to ensure the your idea of order of operations
agrees with the calculator’s.
For example, (-5) % must be entered as (-5) ? rather than as -5, and

J5+4 must be entered as V(5+4) rather than V5 + 4.

. The ANS key can be used to retrieve the results of the calculation

immediately preceding the one you're working on. E.g. V(5+Ans)

The DEL key can be used to erase single lines in the history. The
SHIFT CLEAR key will delete the entire history. Regular clearing will
ensure that memory is not gradually eroded.

The EIITH key displays a calculation as you would see it written.

The MODES view can be used to set the format in which numbers are
displayed on the HOME page, and to choose the angle measure which
is to be used.

Make sure you understand Fraction mode before using it.
Remember that the angle and numeric mode settings may change if
you change aplets in the APLET view.

Numbers are stored in memory using the key labeled BillId. The
stored values can then be used by simply putting the letter in the
expression in place of the number.

You can reboot the calculator if it locks up. Make sure you know how
to do this in case it happens during a test or an examination.

For more information on the complete set of mathematical functions available
in the HOME view (and anywhere else) see the chapter “The MATH menu” on
page 243.

50



THE FUNCTION APLET

The Function aplet is probably the one that you will use

most of all. It allows you to:

= graph equations

= find intercepts

= find turning points (maxima/minima)

= find areas under curves

= find areas between curves

= find gradients

= find derivatives algebraically

= find simple integrals algebraically

= evaluate functions at particular values

= graph and evaluate algebraically expressions such as f(q(x)) or f(x+2)

The first step for any aplet is to choose it in the
APLET LIBRARY. Pressthe APLET key and
you will see something similar to the screen on
the right. Use the arrow keys to move the
highlight up or down until the Function aplet is

Farametric

Folar

Sequence

Solue L
| ZAVE |REZET| £ORT | SEMD | RECY [STHET]

selected. Now, looking at the list of programmable functions at the bottom of
the screen, you should see labels of and [IHE3.

Press the key under first. You'll see the
message shown right - press the I key.
The reason for doing this is to clear out any
functions that you may have put in there while
playing around, and so to make sure that what

I.-_.IJF |_+. -"|'| .
Farlg Reset aplet
Fal Function?

SEHH-\_ =
Solue L
| I T 1 T WO JVYEF]

you see will be the same as the screen snapshots.
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Now press the key. When you do, your
screen should change so that it appears like
the one on the right. This is the SYMB view.
Notice the screen title so that you will know
where you are (if you didn’t already).

Calculator Tip

% FUET"]H ZYMEDLIC VIEK %
FZiias
Foeii=
Faii=
FSiHi= v
PEDIT [+ CHE] & | |SHOW] EVAL

Pressing ENTER here would have had the same effect.

Whenever there is an obvious choice pressing ENTER will

usuall

The XTé@button

produce the desired effect.

Whenever you enter an aplet, one of the keys which usually changes its
function is the key labeled XT6. As its label suggests, it supplies an X, or a

T, or a 6, depending on which aplet you are in.

Let's use that key to produce

a graph of the quadratic we dealt with in the earlier section on the HOME view.

Using the up/down arrows, move the cursor (if necessary) to the line

F1(X) = .
Type in:

3 kg X - 5

This will produce the screen shown on the
right. Notice the check/tick mark next to the
function F1(X). This signifies that this
function is to be graphed, so that if you had
five functions entered but only wanted
numbers 1, 3 and 4 graphed, you could simply

XTO - 4

ENTER]

HEEEE FUNCTION ZYMEOLIC VIEW S8
wF 10K =340E-55H-d

Fdiii=
FSiika= ¥
[EOIT [ ] & | |sHOb | EVAL |

ensure that only F1(X), F3(X) and F4(X) were checked.

EILTEing your function

The key that turns the check on or off is a screen key - the one labeled with
the BETA. It is a toggle key - when the check is off it turns it on and when on
it turns it off. In some countries a ‘check’ mark is called a ‘tick’ mark but the

idea is the same.
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Try turning the check on and off for function F1(X). Remember, the
highlight has to be on the function before the check can be changed. Make
sure it's checked when you have finished.

If you now press the NUM key, you will see the
screen on the right. It shows the calculated
function values for F1(X), starting at zero and
increasing in steps of 0.1

Make sure the highlight is in the X column, and then press 4 and ENTER.
You will find that the numbers will now start at 4 instead of zero. Itis also
possible to change the step size via the EIIIE key, which can be convenient
at times, particularly for trig functions. The simplest way to set the start value
and increment is in the NUM SETUP view. This will be covered in detail later
(see page 77).

Now try pressing the PLOT key. The graph \ I l
you’ll see will not be a terribly useful one (see

right) because the axes will not be set up
correctly. We'll look next at how to do this.

n: FLlind: -4 [MEML |

One of the easiest ways to set up the axes properly for a function whose
shape is not known in advance is to let the calculator suggest a suitable
scale. There are a number of ways of doing this. See page 86 for a
discussion of ways of finding ‘nice’ axes.

One method of finding a viable scale is to use the Auto Scale option in the
VIEWS menu (below). More information on the VIEWS menu can be found
on page 92. Another method is to use the NUM view to investigate the range
of values that will be required for the function.
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Auto Scale

Press the VIEWS key. Use the arrow keys to O E—
scroll down to Auto Scale and press ENTER. E%EE :?:E‘f‘;l
The calculator will adjust the y axis in an _|overlay Plot —
attempt to fit as much of the graph on to the A
screen as possible. .
[ 11 1  [tawiL] oK |

Some points to bear in mind;
= the y axis is scaled only on the first function which has a EEiId.

» the y axis is scaled for the x axis you have chosen in PLOT SETUP. If
you’ve not chosen wisely then your result will not be good.

= it doesn’t choose ‘nice’ scales such as we would choose (going up in
0.2’s or 5’s or 10’s etc.) so we generally need to tidy up its choice a little.

If you look at the y axis of the graph you've just produced, you'll see that the
axis tick marks are so close together that it looks like a solid line! To tidy this
up you must change to the PLOT SETUP view. If you look above the PLOT,
SYMB and NUM keys you will see the word ‘SETUP’. The SETUP view for
each of these keys is obtained via the SHIFT key.

See “Tips & Tricks - Function” on page 69 for more information on how to find
good choices for axes. The Auto Scale function is covered in much greater
detail on page 96.
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............. FUMLCTIOM PLOT ZETUP S

) YEHG: ] E.0
The PLOT SETUP view VENG: 29, @7 155.25

If you press SHIFT then PLOT you will see REs: Detail

; H ; : EMTEF HIMIFUM HORIZOMTAL “YALUE
something like the view on the right.

The highlight should be on the first value of “XRng:’. Enter the value -4.

Calculator Tip
Don’t use the subtract key to input a negative. You MUST

use the negative key labeled (-) which is in the same row
as the ENTER key.

Type in 4 for the other ‘XRng:’ value, then -20 and 20 for the ‘YRng:’
values. When you've done this use the arrow keys move to ‘Ytick:” and
change it to 5.

HTICK: 1

At the bottom of the screen you will see Res: (short for e =W
‘Resolution’). If you highlight it and press the [MIE key | mmmmtmm s . m—
you will see that you have a choice of Faster or More Detail. More Detall
should be selected. If you choose Faster then every second dot is plotted
instead of every dot. This is quicker but may make some graphs appear less
smooth, particularly graphs with steep gradients.

There are two pages to this view (see the i FUMCTIOM PLOT £ETUP & z
GG key at the bottom of the screen). The |3 ipa: < INY. CROSS

. . y COMMELCT ELHBELE
first page is used to set axes, the second to ¥ HHES _ GRID

control certain features of them.
LAEEL THE RAHE:T

[ I#CHE|aPAGE | | |
Press the IE3kd key. You will now be 20l
looking at the screen shown above right. \ l /
Using the arrow keys to move the highlight, "
make sure that your checks/ticks match the -4 1
ones in my snapshot. Now press PLOT again.
Perfect! o FLi¥): -4 EET
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Let's have a look at the meaning of the CHKs (check marks) on the second
page of PLOT SETUP. Although they are not used often they can be quite
useful and | recommend highly that you use Simult:

The first option Simult: controls whether each graph is drawn separately (one
after the other) or whether they are all drawn at the same time, sweeping

from left to right on the screen.

My preference is to turn this off. | find that if
there are more than two functions defined then
drawing them all at the same time can be
confusing. Turning off Simult: means that they
are drawn one after the other, in the order that
they are defined. This is obviously a bit
slower.

i FUMCTIOM PLOT ZETUP
_ SIMULT _IMY. CROSE

¥ COMMECT 5LHBEL$
¥ RXEZ _aRID

LAEEL THE AHEZ?
| |wcHE] & PRGE | | |

The second option Connect: controls whether the separate dots that make up

a graph are connected with lines or left as dots.

Hi

VS...

|
n: 0 F1lisi: 0 [HEML |

2|y

|
ni 0 FLlin: 0 [MEML |

The third option Axes: controls whether axes are drawn. The fourth
Inv.Cross: controls the appearance of the cursor that is moved by the arrow
keys. Itis best if you try this one yourself to see the effect.

The fifth option Labels: controls whether labels (X, Y and numbers) are put
on the axes. The only time this causes problems is if the scale is an odd
one, causing the labels to have too many decimal places.

The sixth and last check Grid: causes a grid of
dots to be drawn on the screen (see right).
The density of the grid is controlled by the
values of Xtick and Ytick. This can be quite
useful.
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............. FURCTIGN FLIT FETIF TR0
The default axis settings e, =3
HTICK: ] ) YTICK: ]
The default scale is displayed in the PLOT 58 LeDchl
SETUP view shown right. It may seem a E“ ”'"'”"”'EHT“L s
strange choice for axes but it reflects the
physical properties of the LCD screen, which is
131 pixels wide by 63 pixels tall. A ‘pixel’ is a
‘picture element’ and means a dot on the ;.7"
screen. The default scale means that each dot
represents a ‘jump’ in the scale of 0.1 when 1.7 Flix): B9 MENU

tracing graphs. The y value is determined by the graph, of course, and has
nothing to do with your choice of scale. Once the scale changes, the cursor
jumps from dot to dot are often not a useful size. See page 69 for
information on choosing ‘nice’ scales.

The GE Bar

If you look at the screen key \ /

list at the bottom of the screen

you will see only a single entry, )<:;?V

labeled ' i Flidy: -2 EE
Press the key under it and your screen will \ /
change to look like the one above right. ;—-/‘?r
Press it again and the screen will clear

completely. Once more and you are back to the

original appearance. Try pressing it a few times

known as a ‘toggle’ switch. The M key is a

to get the feel for its behavior. This is what is )(/f

triple toggle, cycling through each of the display
modes shown right. The first default mode is (X,Y) mode, which displays the
coordinates of the current cursor position. In any of these modes the up/down
arrows move the cursor from function to function, while the left/right arrows
move along the currently selected function.

Calculator Tip
Pressing SHIFT right arrow or SHIFT left arrow will jump

the cursor directly to the right or left side of the screen.
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The Menu Bar functions

In the examples and explanations which follow, the functions and settings

FUMCTIOM PLOT SETLP

used are:
FUMCTIOM =YHMEOLIC YIER
1 =S8Rt —S¥n—d
aEgEﬁ?=H“3—4*H
Facii=
Fainn= L

EDIT |+ CHE

Trace

LETIA is quite a useful tool. The dot next to
the word means that it is currently switched on.
If yours isn’t then press the key underneath to
Leave it on for now.

turn it on.

HEMG:
YEMG:
HTICK:
RE%:

EMTEF

-d d
-28 28
1 PTICK: 5
Detail

MIMIFMUM HORIZOMTAL YALUE

EDIT PRGE ¥

FUMCTIOM PLOT FETLP

— IMULT MY, CRO:E
¥ COMMECT ELHBELE
¥ HRE% _GEID
LAEEL THE RRE:T

v CHE| & PRAGE

n: =, 07692

DN/
e

Flid»: -2.17751 [

Press the left arrow 5 or 6 times to see a similar display to that shown right.
Pressing up or down arrow moves from function to function.

The order used is not related graph but solely to the order that they are
defined in the SYMB view. If it is turned off then the cursor is free to move

anywhere on the screen. Try this and then turn it on again.

N/
T

Defn

Press the key labeled 33 (short for
Definition). You will find that the equation is
now listed at the bottom of the screen.

F1liHa: JxHg-

5¥H-Y [MEHU |

The up/down arrows will move the cursor from F1(X) to F2(X), with the
definition changing as it does so. If Trace is switched off then Defn will not

work correctly.
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Goto

This function allows you to move directly to a point on the graph without
having to trace along the graph. It is very powerful and useful.

an]y //
Suppose we begin with the cursor at x=0 on "

F1(X) as shown right. -4 i 4
10 FLiHk: -4 HENL
a0 T,

Press MM and then to see the input
form shown right.

n:

EMTEFE WALUE TO KHICH TO JUMP

Type the value 3 and press ENTER. The cursor o]y

will jump straight to the value x = 3, displaying //
the (X,Y) coordinates at the bottom of the "
screen. - N k

:3 FLixy: B EEm

A very nice feature of the key is that it will jump to values which are not
on the current screen, or which would be inaccessible for the current scale.

galy
For example, we can jump to the value x = 100 /
and see the (X,Y) coordinate displayed, with H
the cursor positioned at the far right side of the | / N 4
screen.
: 100 Flii): 29496 [HMEHL

If the left arrow is now pressed, tracing will resume from the right edge of the
screen, in this case at one pixel point back from x = 4.

Calculator Tip
The key will also accept calculated values. You
could, for example, jump to a value such as €*+2. If you

had recently found an intersection, then jumping to a value
of Isect would return the cursor to that point. See page
64 for information on IsecCt.

59



The Zoom Sub-menu

The next menu key we’'ll examine is EILIEL. DI i
Pressing the key under HilI&l pops up a new In dcd %
menu, shown right. -4 [Out dud |7 W

H=Zoom In =4 =

a

. . . w—Zoom Out x4 -l-/
The menu is longer than will show in one Y=Foom In sd
'-l-'_

screen, so two screen shots have been Zoam Out x4 ]

included to show most of the menu. . MS dare 4

The list which follows covers the purpose of each of the ten options shown
right. The four extra options which follow these are covered as part of the
detailed examination of the VIEWS menu on page 92.

Center

This redraws the graph with proportionally the same scale for each
axis but re-centered around the current position of the cursor. If you
already have a ‘nice’ scale, this will preserve it, while perhaps showing
a more interesting section of graph.

In/Out

These two options zoom in or out by adjusting the scales by the factor
shown. The default factor is 4x4 but this can be adjusted through the
Set Zoom Factor option later in the menu. The most useful settings
are either 5x5 or 2x2 as these are more likely to give and preserve
‘nice’ scales.
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Box...

a / =" "
This is the most useful of the EIIIE | secect Fikst cunrh
commands. When you choose this

option a message will appear at the bottom of the screen
asking you to Select first corner.

The cursor
positioned at
one corner of a

If you use the arrow keys to move the cursor to one
corner of a rectangle containing the part of the graph you
want to zoom into and then press ENTER, the message
will change to Select second corner.

2ol
As you move the cursor this time to a .
position at the diagonally opposite mn m
corner of a box, the box will appear on
the screen. SELECT SECONMD CORMER\ DTN TN

#

...and at the
other corner.

Pressing IEIMl expands the box to fill > 30158730158 |7
the screen. //k
"

-1.7B4515384E2 \ﬂ@r\
You'll notice that the scale has  been _
disrupted so that the labels are no 200K [TRACE] G2 [ FEN_[BEFH [HERU]

longer very helpful. PLOT SETUP would give better end points for the
axes or let you switch off the labels option.

Rather than doing that however, scroll down the EIIIE menu to a new
option of UnZoom. This option puts the

screen back to the way it was before you Aut.o '5.:_319 al’
did the EIIE]. —|Decimal
Integer

TriE
| —

THMCL ] Ok

Calculator Tip
Zoom is very handy for allowing you to examine small

sections of a graph in detail, but remember Un-Zoom!
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X-Zoom In/Out x4 and Y-Zoom In/Out x4

These two options allow you to zoom in
(or out) by a factor of 4 on either axis.

The factors can be set using the Set
Factors... option, which gives you
access to the view shown above right.
You will also see a CHK mark next to an
option called Recenter. If this is CHKed
then the graph will be redrawn after

e % SET Z00M FRACTORE
ne00rM: 14

vZoor:
¢ RECENTER

ENTER VERTICAL Z00M FACTOR
2 boon In ol
—Zoom In  x

~|¥=Zoom Out =16 i

zooming in or out with the current position of the cursor as its center.

Changing the x factor is reflected in the HiI&l menu as you can see in

the second screen snapshot.

Square

This option changes the vertical scale to proportionally match the
horizontal scale so that circles will appear circular rather than elliptical.

Auto Scale, Decimal, Integer and Trig

These four options are duplicates of those found on the VIEWS menu,
and are provided in both places simply for convenience. Information
on them can be found in the section on the VIEWS menu on pages 92.
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The FCN menu

Before continuing, set the axes back to the way
we set them at the start of the section on the
Menu bar.

N4
7

ni 0 FLiny -4 [MEML |

Looking at the menu functions again, you will see that the only one we have
not yet examined is the one labeled IZM. This key pops up the Function

Tools FCN menu.

Before you use this key, make sure is
switched on and move the cursor so that it is in
roughly the position shown right.

Root

Press the & key. As you can see on the
right, this key gives you access to a number of
useful tools. If you leave the highlight on Root
(as shown) and press ENTER (or IETHll) then
the cursor will jump to the nearest root or x
intercept for the function it is on, starting its
search at the current position. Try it now.

Notice the message at the bottom of the
screen giving the value of the root that was
found. To find the other root, you need to move
the cursor so that it is closer to the other root
than to the present one. In general that means
moving it past the turning point.

Calculator Tip
If you are working with a function which has asymptotes

Move to about

4?_ this position.
X1/
T / H T

200 [TRACs]CH.¥a | FCM | DEFH [MEHL]

Intersection

e ™

Slape
-4y |Area.
Ext rremum
T T T Teawel] ok |

T 7
ST

KOOT: -.580667290B06

then make sure the cursor is positioned on the same side
of the asymptote as the root. The internal algorithm used
does not seem to cope well with crossing asymptotes.
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Intersection

The next function tool in the I menu is
Intersection. If you choose this option, then D ¢ -'j//
you will be presented with a choice similar to

the one in the screen shown right. v [ ey .

/ I

CAMIL] Ok

of finding the intersection of F1(X), which is the | -4

Exactly what is in the menu depends on how 20lv

many functions you have showing. In the case

shown here we only have two, so the choice is i
0

one the cursor is on, with either the X axis, or

the other function F2(X). The results of I-SECT: (-.B332831,...2.B60342.. (T
choosing F2(X) are shown right.

Calculator Tip

When you find an intersection or a root the value of the x
coordinate is stored in the memory X. If you immediately
change to the HOME view and type X and hit ENTER then
you can retrieve and use this value. See “Tips and Tricks -

Slope

Function” on page 83 for more detail and examples.

This gives the numerical value of the derivative at the point of the cursor for
the current function.

Calculator Tip

If the value at which you wish to find the slope is not
accessible for the current scale then you will need to use
the key to jump to the desired point before choosing

Slope. The value is remembered and used in the Slope
calculation, despite not being on the current scale. In the
same way, choosing Slope immediately after finding a root
or intersection will give the slope at the remembered value
rather than the nearest dot.
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Signed area...

Another very useful tool provided in the IZ&l menu is the Signed Area...
tool. Before we begin to use it, make sure that LT is switched on, and
that the cursor is on F1(X) - the quadratic. The Signed Area... tool is similar
to the Box Zoom in that it requires you to indicate the start and end points of

the area to be calculated.

3
Suppose we want to find the definite integral: sz —5x—4dx

-2

Choose I and then Signed Area... You
will see the message shown right, asking you

to choose a starting point.

T 7

iR STHET: -.B9328...

Press the key, enter the value -2 and press IET ¥l or ENTER. The
starting value will then be -2 so press IET¥ll again (or ENTER) to accept it.

Another menu will appear, asking you to
indicate what area you wish to calculate. In
this case there are only two choices - between
F1(X) and the X axis, or between F1(X) and
F2(X).

— —

’t,\ Eul'.' I,-"//
W USING FLIA) AMD..

e e e "

/ I

CAMIL] Ok

If we had defined more functions in the SYMB view then this menu would be
longer. In this case we want the area between F1(X) and the x axis, so

position the highlight as shown and press ENTER.

The graphs will then reappear, with a message
requesting that you choose an end point. In the
screenshot shown right | have pressed

and entered the value 3 to move to that point
directly.
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If you now press ENTER again to accept the anly
end point, the hp 39g+ will calculate the signed //
area and display the result at the bottom of the :4

screen. -4 - 4
BEER: 3.5 EETH

Calculator Tip

It should be clearly understand that although the
label at the bottom of the screen is Areaiitis a
little misleading.

2ndpoint

What has actually been calculated is the definite [ Fi00 ax
integral (right), with ‘areas’ below the x axis B
included as negatives. This is why the label on

the original menu reads “Signed area” instead of

just “Area”.

Rather than using the key, an alternative o]y )
method is to use the tracing facility. The k\
advantage of this is that the ‘area’ is shown H
visually as you go by shading, as can be seen |85 h 6.3
right.

ARER: -3.75000000002 EEﬂIl

The disadvantage of this is that you can only trace to values which are
permitted in the scale you are using. As soon as you use the shading
stops. In this case, due to the scale we chose, if you try to trace to the values
x = -3 or x = 2 you will find that they are not accessible so we will need to
change scale.

FUMCTIOM PLOT SETUP
Change to the PLOT SETUP view and change  |/N& —&. 3 B3
TRHG:
the x axis (only) back to -6.5 to0 6.5, then HTICK: M.cﬁ%
PLOT again. REx: Detail
EHTEER HMIMIFUM VERTICAL VALUE

EDIT PRGE ¥
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Press BIEN and IHE again, choosing Signed 2ofy

Area... as before. Use the left/right arrow keys

or the key to move the cursor to x = -2. 4
Press ENTER to accept the starting point.

This time, choose the boundary as F2(X) N
instead of the x axis so that we will be finding - .
the ‘area’ between curves instead of the area  [*52|%—fxiz |55
under one. Again, the result will be a signed i i

area (definite integral) not a true area. See
page 83 for a simple method of finding true

areas.

We now need to choose the end point. This =T n
time do it by tracing with right arrow to move
the cursor. As you do the area will be shaded u
by the calculator. The current position is shown [-&s ! 6.5
at the bottom of the screen. When you reach
the end point you are looking for, press the E EMD: 3 .
LTl key and the area will be calculated as 2ol i
before. This is shown right. k\
H

-6.5 b 6.5
To remove the shading, press PLOT again.

ARER: -3.75000000002 [HMEHL

Calculator Tip

Note that common sense tells us that the answer is almost
certainly -3.75 rather than -3.75000000002. The small
error is simply due to accumulated rounding error in the

internal methods used by the calculator. For example, an
answer of 0.4999999999 should be read as 0.5. This is
quite common and students should be aware of the need
for common sense interpretation.

Areas between and under curves

If we are wanting to find true areas rather than the ‘signed areas’ given by a
simple definite integral then we must take into account any roots of the
function. This process is shown in detail on page 83, as there are certain
tricks which can be used to make the process far simpler.
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Extremum

The final item in the IZE menu is the 20y
Extremum tool. This is used to find relative
H

maxima and minima for the graphs.

- T "

Ensure that LTI is switched on and that the
cursor is positioned on the cubic F2(X) in the
vicinity of the left hand maximum (turning point) as shown right. Press I35l
and choose Extremum from the menu. You should find that the cursor will
jump to the position of the maximum.

EXTEM: (=1.154700,,..3.0792301,.[E320

Calculator Tip
If your graph has asymptotes then make sure that the
cursor is positioned on the side of the asymptote

containing the extremum before initiating the process. The
internal algorithm used does not cope well with intervening
asymptotes.

68



TIPS & TRICKS - FUNCTION

Finding a suitable set of axes

This is probably the most frustrating aspect of graphical calculators for many
users and there is unfortunately no simple answer. Part of the answer is to
know your function. If you know, for example, that your function is hyperbolic
then that immediately gives information about what to expect. If you don't
have knowledge then here are a few tips:

1.

Try just plotting the function on the default axes. You may find that
enough of the function is showing to give you a rough idea of how to
adjust them to display it better. Remember that ZOOM can work on
either axis or on both. See Tip #4 on the next page.

. The NUM view can be very helpful. Try changing to NUM SETUP and

setting the value of NumStep to 1, or even 5 or 10. Now scroll
through the NUM view and look at what is happening to the F(X)
values. Look for two things.

Firstly, where is the function most active? For what domain on the x
axis is it changing fastest? This is likely to be the domain you are most
interested in.

Secondly, what is the range? What sort of values will you need to
display on the y axis?

Now change to the PLOT SETUP view and set what you think may be
appropriate axes. From those you can PLOT and then zoom in or out.

If the graph is part of a test or an examination then the wording of the
question will often give a clue as to what x axis domain you should
work with.

| most often use Auto Scale to get a first approximation to a good set

of axes. To do this you must choose your x axis domain first so try Tip
#2 above and use your knowledge of what the function might look like.
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5. Another possible strategy for graphing which works quite well and,
perhaps importantly, always gives ‘nice’ scales is to use ZOOM.

Enter your graphs into the SYMB
view. Remember that Auto Scale
only works on the first ticked
graph.

Press VIEWS and choose
Decimal, or press SHIFT CLEAR
in the PLOT SETUP view. This
will give you the default axes,
probably not showing the graph
very well.

Place the cursor so that it is in
the center of the area you are
most interested in.

SRS FUNCTION SYMEDLIC WIEH S3EEE
L Lt S

EDIT [wCHE] # |  [SHOM] EVAL |
E

T

FLin):

Use the HIIEl menu to

adjust the view. You may
choose first to change the

zoom factors to something | 783

Out

H= I z
other than 4x4, and to F‘i‘“ n_x2 « -
ensure that Recenter: ijs N \\ | i
v CHE Y] T \ L
#: -1.55 Facuy -1.168088 [EECIT

The advantage of doing it this way is that if you zoom in or out by a factor of
2 or 4 or 5, the cursor jumps will stay at (relatively) nice values allowing you
to trace more easily. In this case, the cursor now moves in jumps of 005,
which is ideal for most purposes. On the other hand you may not be
interested in tracing along the graph.
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Composite functions

The Function aplet is capable of dealing with composite
functions such as f (x+2) or f(g(x)) in its SYMB view.

The and EIT¥] keys are particularly helpful with

this.

For example, if we define F1(x)=x*-1 and F2(x) = Jx , then
we can use these in our defining of F3, F4. See the screen

shot on the left below.

N

EHEE FUNCTION SYMEDLIC WIEW 355

wE1CRa=xE=-]

wE2CRI=IN

wESCRISFLICFZ20m0 0

wEG R a=F2OF] G
FSisi=F1in+22

[ EMT [+ CHE] # |  [SHOW]EVAL |

h |

EE FUNCTION SYMEOLIC WIEW S0
wElCmI=mE=]

WEdi R I=] (Ha—1)
wFSCxI= (2801 -
CEDIT | CHE] & | |ZHOMA] EVAL |

If the highlight is now positioned on each of these in turn, and the key

pressed then the substitution is performed.

The result is shown in the upper right hand
snapshot and the F4(X) function is shown right
after pressing SHOW.

F4(R)=["2-1

2
Notice that the calculator is smart enough to realize in F3(X) that (&) -1

is the same as x-1, although not, unfortunately, smart enough to keep track
of the implications for the domain that F3(X) should be defined only for non-

negative X.

There is a limit to this however. If you define
F1(x) = x* —x—1 and then F2(x)=F1(x+1) ,
then the routine will not simplify

(x+1)2 —(x+1)-1 to X*+x-1.
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wF1exI=HE=r=1

ZCH = () E— k] D

Faika= L
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N - FUMCTION FYHMEDLIC VIEM S5
On the other hand there is a way to further A F] = a—t—1
simplify the expression. If you now the 2Ry =POLYFORMC (4.,
o FIiHa=
result and enclose it with the POLYFORM Fdiutym
function as shown right (note the final *, X’), RPC R+ 2= (M1 0-1, 504

then highlight it and press B, the hp 39g+
will expand the brackets and gather terms.

CAMIL] Ok

Calculator Tip

These functions can all be graphed but the speed of
graphing is slowed if you don’t press first. The 39G+
is fast enough that the result can be lived with but the 39G
and 40G are usually too slow when graphing un-evaluated
composite functions.

Fe F=
UMDEF. | UMOEF.
UMDEF. | LUMDEF.

o UNDEF.

Evaluating the function may also hide the
domain. For example, if F1(X)=Xx* and I
.EIEEE?B?I

2

F2(X) =~/X then F3(X)=FLF2(x)) will show
HY721385].

the correct domain of x>0 in the NUM view. T
Pressing will destroy this. m—

Using functions in the HOME view

Once functions have been defined in the SYMB view of the Function aplet,
they can be reused in the HOME view (and indeed in any other aplet!).

For example suppose you needed to find some exact points (x =0, 1, 2 and

3) for a graph of f(x) :(Z—XZ) when doing a hand sketch of it.
X_

Type its definition into the Function aplet SYMB

view, switch to the HOME view and then simply %%@} HaHE

type F1(0) and press ENTER. The function will A Infinite 8
be evaluated for x = 0. Similar results can be [ 1%__Result —
obtained for F1(1), F1(2) and F1(3). Notice the [F{7=74

error message for x = 2 caused by a divide by ok |

Zero.

72



Differentiating

There are different approaches that can be taken to differentiating, most of
which are best done in the SYMB view of the Function aplet.

The syntax of the differentiation function is:

oX (function),

where function is defined in terms of X.

The function can either be already defined in the SYMB view of the Function

aplet, or entered into the brackets as above.

The 0 symbol most easily obtained by pressing the key labeled d/dx.

One point to remember is that if you use this
function in the HOME view you may not receive
the result you expect. If you try this yourself
your result will probably not be the same as
that shown.

The reason for this is that the result you see is
the derivative of x*—x evaluated at whatever
value of x happens to be currently in memory.
This can be seen more clearly if we store a
specific value into the memory X beforehand.
In the example shown right, the answer of 3 is

the value of the derivative 2x—1 at the value of x = 2.

But what of algebraic differentiation? It is
possible but not very convenient to do this in
the HOME view using a “formal variable” of S1.
(..or S2 to S5) The drawback of this is simply
the awkwardness of having to work with S1’s
rather than with X’s.
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The process is easiest in the SYMB view of Function. When done this way
the result is algebraic rather than numeric. The best method is to define your
function as F1 and its derivative as F2 (see below)...

SEEEE FUNCTION ZYMEDLIC VIEW SEEEE

--"Fl'-f:“:.':' HE i

TR e press TN
Fdixi=

Fadsa= L

[EOT [wiHE] B | |SHOW] EYAL |

HEEE FUNCTION SYMEOLIC WIEW S
-"F1':H3' HEH

EDIT [ CHE] # |  [SHOM]EVAL |

...but you can also perform the whole process in one line.

SEEEEFUNCTION SYMEDLIC VIEW S5
wF1iRy=pa-y
wF2CRI=2EH—1

press
then ELDTH.

EOT JwiHE] # |  [SHOW]EVAL |

F3()=.69314718856:2"

As you can see the calculator’s algebraic abilities do not extend to
differentiating f (x)=2* as f'(x)=1In(2).2*, but at least it is numerically

correct.

Calculator Tip

Doing your differentiation in the Function aplet is much

easier and offers the additional advantage of being able to
graph the two functions.

Circular functions

There are two issues that influence the
graphing of circular functions, both related to

FUNCTION =7MEOLIC VIEW
M ELCRI=[(9=KED
FE2iR ==L 9=xE )

The first one, illustrated on the
right, causes circles to be

the scale chosen.

-

ellipses if you don’t choose

‘0

F1oha: 3

scales for the x and y axes
which are ‘square’ relative to each other. The
two graphs above are both of the same

function x*+y*=9.

74
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The simplest way to deal with this is to use

Sguare

scales which are multiples of the default { Set Factorz }

scales. For example by using -13<x<13 and Auto Scale
Decimal

—6.2<y<6.4 (scale factor 2). You can also Integer -

use the ‘Square’ option on the ZOOM menu. =
This adjusts the y axis so that it is ‘square’
relative to the x axis chosen.

The second issue is caused by
the domain of the circle being /\
undefined for some values. The

screen on your calculator is
made up of small dots called
pixels and is 131 pixels wide il i TR MEHL

and 64 pixels high. As was mentioned earlier,

this means that each pixel is 0.1 apart on the x /\\
and y axes. This can affect your graphs and it
becomes particularly obvious with circles "\\ /f'
because the graph does not exist for the part - ELc 3 FEND
of the x axis outside the circle. The two screen
shots right are an example of two images of the same graph x*+y* =9 using

two slightly different scales. You can see that the second example has
missing pieces.

CAMIL] Ok

Let's look at the circle x>+ y* =9 as an example. This circle only exists from
-3 to 3 on the x axis and is undefined outside this domain. In order to graph it

on the hp 399"‘ you have to rearrange itinto @ E== FUMCTION =YMEOLIC WIEH
two equations of b F 10 0=T(3-42)
F1(X)=T (9-X?)  for the top half & Al A,

F2(X)= -I (9-X?) for the bottom half.

EDIT |w CHE| =& ZHOW | EYAL
If you enter these equations and then graph them with the default axes then
you get a perfect circle. However, if you change the x axis from the default
setting to -6 to 6 and then re-PLOT then part of the circle disappears. This is
shown in the snapshot at the start of the question.

The reason for this is that when the calculator draws the graph it does so by
‘joining the dots’. For the default scale of -6.5 to 6.5 this is not a problem
since the edges of the circle at -3 and 3 fall on a pixel. This means that the
last segment of the graph plotted extends is from 2.9 to 3 and the circle
reaches right down to the x axis.

75



However, for the scale of -6 to 6 the pixels are no longer 'nice' values of 0.1.
If you try to trace the circle you'll see that the pixels fall on 0, 0.0923077,
0.1846154..... In particular, near x=3 the pixel values are 2.953846 and
3.046154. This means that the calculator can't draw anything past 2.953846
because the next value doesn't exist, being outside the circle. This is what
causes the gap in the circle. There's nothing to join to past that last point.

The solution is to use scales which allow the end points of your circle to fall
on a pixel point. If your circle has an integer radius then this is easily done
by starting with the default axes and then ZOOM in or out to show the circle.
This will tend to give 'nice' pixel points. If your circle is not centered on the
origin then just check/tick the box in the Set Zoom Factors box to Recenter.
That will allow you to turn off TRACE, move the cursor closer to the point
where you'd like the centre of screen to be and then ZOOM.

Trig functions

If graphing a trig function using e Ouerlay Plot &
radian measure then you should Auto Scale |
choose a scale which will cause Fz|lecimal
pixel values (screen dots) to fall at
convenient points. A good scale to - :|

use is provided on the VIEWS menu

(see right).

:1.570796  FLid): 1 EEm

This scale sets each dot to be 7724 , ensuring

that multiples and most factors of 7 will fall on dots and thus helping if you
want to trace values on the graph.

Ensure the angle measure is set to Radians in the MODES view if you intend
to use this scale.

Calculator Tip
Make sure you set angle measure after you have Eililldled

the aplet, not before, so as to ensure you are setting the
correct aplet.
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Retaining calculated values

When you find an extremum or an intersection, an]y
the point is remembered until you move again /
even if it is not actually on a value that would
normally be accessible for the scale you have |5 8.5
chosen.
[ELOPE: . 0000igang [MEML

For example, if you find an intersection and then return to the IHE:l menu
and choose Slope, the slope calculated will be for the intersection just found
rather than for the nearest pixel point. If you have recently found a root then
pressing the key and entering the value Root will return the cursor to it.

There are two ways to access these values. The first and simplest is via the
value stored in memory X. If you move from PLOT to the HOME view and type
X (using ALPHA) then the value it will contain will be the last position of the
cursor. If you just found a root or an intersection then this will be the value
displayed. The second way is via the reserved words of Root, Extremum,
Area, Slope and Isect. Typing any of these reserved words in any
situation will retrieve their last calculated values. If a value has not been
found yet then they will return zero.

This trick is particularly useful when calculating areas under or between
curves. See page 83.

The NUM view revisited

We saw earlier that the NUM view gives a
tabular view of the function.

It is possible to manipulate this view through Zoor] ] L ElG |DEFH] ]
the NUM SETUP view.
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Firstly, one can change the start value and the step size for the view.

For example, values of 10 and 2 give:

I FUNCTION NUMERIC ZETUP 58S
HUMETART: 1
HUMETEF:

MUMTYPE: Hutomatic
MUMZOOHM: <

EMTEFR IMCREMENT YALUE
EnT| | |  [PLOTH

i F1
i a5
143
14 145
16 255
18 333
an ELL
18
200m] | | EIG JOEFH| |

Looking at the NUM SETUP view you will see an entry called NumType: with
the default value of Automatic. The only alternative to Automatic is the
setting of Build Your Own. Under this setting the NUM view will be empty,

waiting for you to enter your own values for X.

#EEE FUNCTION WUMERIC SETUP S
MUMETART: pRE)
MUMETEP: 2

MUMTYPE: Build Your Own
HUMZOOM: 4

EMTEF STARTIMG YALUE FOF THRELE

EnT| | |  [PLOTH]

Typing in the values of (for example):

3 (ENTER) -2 (ENTER) 5 (ENTER)

... will give...

i Fl
—_—
[ E0IT | IN2 | Z0RT ]| EIG |OEFH| |

A
3 ]
-2 3

ay

[ E0IT | IM3 | SORT ]| EIG [DEFW| |

In this situation the function values are being calculated as you input the X
values. This can be quite useful if you are wanting to evaluate the behavior

of a function at selected points.

If you now use the NUM SETUP view to switch
to Automatic you will find that there is a 1Tl
key at the bottom left of the NUM view. This

can be quite useful as a fast way to reset the

scale.
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Pressing the HIIE key pops up the menu on
the right. The first option of In causes the
step size to decrease from 0.1 to 0.025. This
is a factor of 4 and is changeable via the NUM
SETUP view. | find a zoom factor setting of 2
or 5 to be more useful.

The second option of Out causes the
opposite effect, changing the step size
upwards by whatever the Zoom Factor is set
to.

The Decimal option restores the default settings.

-

E Decimal

B |Integer

1E|—Tr'ig v|l—
[ I T 1 JeaMWiL] oK |

{EHEE FUNCTION MUMERIC SETUP S
HUMETRET: H
MUMZTEP: | BZ25

MUMTYPE: Hutomat ic
HUrzooH: [E

EMTEF Z00M FACTOR

ENT| | |  [PLOTH |

It changes from whatever is showing back to the step size of 0.1 The
Integer option on the other hand, changes the scale so the step size is 1.

The Trig option changes the scale so that the step size is %4 exactly. This
will obviously be useful when dealing with trigonometric functions.
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Integration: The definite integral using the I function

The situation for integration is very similar to that of differentiation. The
difference is that both the HOME view and the Function aplet require the use
of a “formal variable” S1. As with differentiation, the results are better in the

Function aplet. The J' symbol is obtained via the keyboard.

The syntax of the integration function is:

j (a,b, function, X)

where: a and b are the limits of integration
and function is defined in terms of X.

Let’s look first at the definite integral. ..

EADED| HOME
2 ) Sl 2y EE+14 10
The screen left shows jx +1 dx = 3.3333... 5.38333335533
1 JUALHC 20 @™y ¥
In2 1
followed by j e‘dx = 1.
5 EiTl1 I I B

It may help you to remember the syntax of the differentiation and integration
functions if you realize that they are filled in with values in exactly the same
way that they are spoken.

2
E.g. sz +1 dx is read as:
1

“the integral from 1t0 2 of x¥*+1 dx ”

& entered: I ( 1, 2, X?+1, X)
A similar path was taken with the differentiation function,
so that:
di Xz] , which is read as “the derivative with respectto X  of X%’
X

and entered ax(xz) 0 X (Xz)
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Integration: The algebraic indefinite integral

Algebraic integration is also possible (for simple functions), in the following
fashions:

If done in the SYMB view of the Function aplet, then the integration
must be done using the symbolic variable S1 (or S2, S3, S4 or S5). If
done in this manner then the results are very good, except that there is
no constant of integration ‘c’.

The screenshot right shows the results of

- w2 EEEEEFUNCTION SYMEODLIC WIEM 3555
defining F1(X)=X"-1 and then WELCHI=HE—1
F2(X)=[(0,SLX*~1,X) , together with  |sEZLHI=LiR, Sl Pl
the results of the same thing after Egmg: .

i EVAL i =
pressing the key (the resultis placed |- o o e e

in F3 only for convenience of viewing). All
3

that is now necessary is to read -S1+S173/3’ as —x+X§ ,oras it

3
should be read as %—x+c )

RAD| FUMCTIOM

If done in the HOME view, then S1 must
(g SlanE—1,4H2

;%Zig’r;atz[ieogsed as the variable of e T T
£TOe
b= 3
ie. sz—ldx is entered as % %
5 1'::'5:+ E'l — 1'::'::+ a
[ (1,81,%2-1,X). i) o]
H=51 #=8

This is shown right, together with the results of highlighting the answer
and pressing EIIME. The calculator assumes that X itself may be a
function of some other variable and integrates accordingly as a ‘partial
integration’ which, while mathematically correct, is not what most of us
want.

o _ RAD| FUMCTION
The way to simplify this answer to a EEQS;:’ giélémm | e
. . . . . R AR = = =5,
better form is to highlight it, [T it, and [ PRI g b ey
press ENTER again, giving the result —S1+51 T
shown right. This is the result of the
calculator performing the substitutions m

implied in the previous expression.
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This substitution process has one implication which you need to be wary of
and so it is worth examining the process in more detail...

s1 3 x=S1
Ixz—ldx:{fﬁ—x}
0 3 x=0

The potential problem lies with the second line, where the substitution of zero
results in the second bracket disappearing. This will not always happen.

For examp|e_ .. RAD| FUMCTION B
5 x-Sl CHy 51, CH-207d, K]
o | 22 =23 4] YA CdE] hE N,
[(x=2) dx=| CH=207 (A1 D (el dal,
0 x=0 L51-221"55+6.
(S-2)°) [(0-2) -
= - STOk
{ 5 5
5
_ES-2 g,

5

The final constant of 6.4 comes from substituting zero into the expression
and should not be there if we were doing this with the aim of finding an
indefinite integral. On the other hand, we all know that the answer should
have a constant of integration, so perhaps this extra constant will help you to
remember the “+c’!

In addition to this, there are strict limits to what the hp 39g+ can integrate.
For example, if you try to evaluate Isin2 X.cosx dx using the calculator, it will

not be able to do it. Essentially, beyond polynomials forget it.

The hp 40g Computer Algebra System

Owners of the hp 40g will be aware that it has a CAS which allows it to
perform the most complex algebra, including complex integrations, with ease.
More information on the CAS can be found in the supplementary appendix on
the hp 40g. See the Table of Contents.
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Integration: The definite integral using PLOT variables

As was discussed earlier, when you find roots, 321y

intersections, extrema or signed areas in the

PLOT view, the results are stored into variables \ / H

for later use. -56.5 ‘\\/ 6.5
F.OOT: 1.41421356237 EEHI'

For example, if we use IZ&Z0 Root to find the x ETEA FONCTION

intercept of f(x)=x*-2 then the result is stored

into a variable called Root, which can be Foot,

accessed anywhere else. Similar variables 1.41421356237

called Isect, Area, and Extremum are

stored for the other IEE:0 tools. STOH

RS TR

You can access these names by typing them

HOME VYARZE 3

in using the ALPHA key, or by using the VARS 21
key. Press VARS and you will see a list of the [ Er_‘gphic %%

i 10 ard
HOME variables. I gt o 7
If you press SK2, labeled (not the i T i
APLET button on the keyboard), then the R F“”':"“';"_"""E"‘; o
display changes to show the variables specific L ([ FTSIgRE |E:xt remum
to whatever aplet you are currently using. Sumbolic [Isect 7
Those shown right are for the Function aplet [ (Humeric wiRoot i |

and the group of Plot FCN variables is shown.  ELEE Y RTRE AETEE FTT I

If you look at the screen shot you will see that the GEI&A tag is currently
selected (showing as GIIEE) and this means that when you press IETHll the
name of the variable will be pasted into what ever view you were using when
you pressed the VARS key. Pressing the screen key will cause the
value of the variable to be pasted instead. There is no effective difference in
most situations.

This can be very useful in finding areas, as you will see in the example
following.
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Suppose we want to find the area between 1z

f(x)=x*-2 and g(x)=0.5x—1from x = -2 to \}&

the first positive intersection of the two graphs.

From the shaded screenshot shown above 6 %g’w 8.3
right it can be seen that to find the area we "

need to split it into two sections, with the :
boundaries being -2 and the two

intersections. \!-E'f /
H
-h.5 *7- 5.5

The shortcut here is to use IZE Intersection
to find the first intersection, storing the results
into memory variable A.

F1idi: -2

We then do the same thing for the -5.5 ’jf" 6.5
second intersection, storing the
result into B. —SECT: (1.2B07764:m1.~. 3596110
[FAD| FUMCTIO M 3t
I=ect kA
- . FEAVFE4EE4E T
I=s=ectkE
1. 28877 a4 B84

FTOk

We can now calculate the area in the HOME view, using f,— f, for the first
and f,— f, for the second. Use HIE to duplicate the first integral and edit it
to adjust the functions and limits.

R AD| FUMCTION
R e
Finally, I8 the two solutions and add them (B FRCRI—FLERT, %0

to give the final answer. 1. 4602665757

m
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Piecewise defined functions

It is possible to graph piecewise defined functions using the Function aplet,
although it involves literally splitting the function into pieces.

X+3 X< =2
For example: f(x)=<x*-2 ;-2<x<1
3-X i x>1

To graph this we need to enter it into the SYMB view as
three separate functions:

FUNCTION =YMEOLIC VIER
-.--'Flli:x::I I:_'::-::+3_':|_.-'|:_':x:{ E:-

F2(X)=(X2-2)/(X > -2 AND X < 1) P T T e

F3(X)=(3-X)/(X 21) u:;g':g:?;ma 2 FAND <1)

F1(X)=(X+3)/(X < -2)

Note: AND can be found on the (-) key.

\17

The reason why this works is that the (X < -2) i1 Fainy: -1 [MENL
and the (X > -2 AND X < 1) expressions are i . F1 UHFDEEF I]HFIIIESF
evaluated as being either true (which for i UWDEF. | UMWDEF.

. g2 UMDEF. |2 UMDEF.
computers has a value of 1) or false (which 1 UNDEF. -1 UNDEF.
has a value of 0). UNDEF, |-1 2 '

w-
By dividing by the domain expression we are effectively dividing by 1 inside
the range (no effect) or dividing by zero outside the domain, making the

function undefined. Since undefined values are not graphed, this produces
the desired effect.
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‘Nice’ scales uEHG: PTE £, d
YEMG: -3, 1 =
. . uTick: 1 YTICK: 1
for the seemingiy strange [, Detail
. EMTEFR MIMIMUM H
default scale of -6.5 to 6.5 is to

ensure that each dot on the screen is exactly

0.1 apart.

T ETHETTIR PO SET T
There are other scales, basically [srwa: _3 25 3. 25
multiples of these numbers, that  [vkHs: 3.2
: : : HTICK: 1 YTICK: 1
also give nice values if you want  [C- Dot ail
to LEITA along the graph. For
s EMTEE HMIMIMUM '.'
example, halving each of -6.5

and 6.5 will place the dots 0.05
apart.

------------- FUMCTIOM PLOT SETLP

/

N

/

QE/) Flil: - .56

/

N1

&/) Flin: -1.8775  [EEGIT
prnat FUMCTION PLOT $ETUFm
: 13
To zoom out instead of in simply e = &
double the values, producing ATICK: %H fTick: 1
dots that are 0.2 apart. ' Huemzua:m \ /
5
: .8 Fliwx: -1.36  [EET
. e FUMCTION PLOT ZETUP
Similarly, if you want to center NEHG: -2 25 4. 25
the graph around a particular YENG: 3.2
value then just add that value to ~ [FTI°K: %Jetail WTIck: 1
the range values. The example ENTER MINIMLH
right is centered around x = 1 by
adding 1 to -3.25 and 3.25. \H“Fj’/
1 Fliny: -1 [MEML

A time when ‘nice’ scales are more important
is when you use the Plot-Table option in the
VIEWS menu. If you use the default axes you

will find that the dots, and hence the table
values are no longer ‘nice’ because of the 3
dots consumed by the line down the middle of
the screen.
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............. SRR W (TR e
This can be solved by changing the ~ [ine. E— gg

X axis scale to -6.4 to 6.4, which HTICK: 1 YTICK: 1

gives table values of 0.2. RES: [etail

||

Using -3.2 to 3.2 is even better since it makes
the graph ‘square’ again, with both axes
proportional. Another good choice of scale for
the Plot-Table view is -8 to 8, giving table
values of 0.25. Basically any power of 2 is a
good choice. Again, adding or subtracting a
constant from each end of the axes will produce a graph where the y axis is
not centred.

Use of brackets in functions

HEEE FUNCTION SYMEOLIC WIEW S
wELCHI=HECH+] D

One problem commonly encountered by new v‘HEHH?

users is misinterpretation of brackets. The Fa i e

hp 39g+ will correctly interpret FSoxa= v
F1(X) = X3(X+1) as X?*(X+1) but will not CEDIT |WOHE] &% | |SHOk] EVAL)
understand F(X)=X(X+1). When used in either "'., I lllla

Function or Solve, it will result in the error

message of “Invalid User Function”. | éz:g% ignUEEr‘ -

[0k
Similarly if you want to use the sum to n terms formula for a GP in the Solve

aplet and enter it as S=A(1-R*N)/(1-R) then you will see a similar message
until you change it to read S=A*(1-R")/(1-R).

The reason for this apparent ‘error’ is that all of the built-in functions such as
SIN(....) and COS(....) and ROUND(....) work with brackets. When the
calculator encounters X(X+1) it interprets this as asking it to evaluate a
function called X(....) at the value X+1. Since there is no such function it
returns the error message that you are trying to use a function that is
unknown.

The solution is simple: just remember to put the * sign in when you use
letters immediately before a bracket.
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Problems when evaluating limits

In evaluating limits to infinity using substitution, problems can be encountered
if values are used which are too large.

EEEEEE FUNCTION SYMEOLIC WIEW SSEE5EE
» CELEM =i {2 G )

For example: Ixm Y T

Facra= L
[ EOIT [ iHE] % | [SHOW] EVAL |

i F1
It is possible to gain a good idea of the value of 185

this limit by entering the function 1g EEEE%;E
F1(X)=e*X/(2*e*X+6) into the Function aplet, 2i :
changing to the NUM view and then trying &
increasingly large values. As you can see 2ook] | [ ES [DEFM] |
(right) the limit appears to be 0.5, which is correct.

However, if you continue to use larger values
then the limit appears to change to 1 (see
right). The reason for this is that the value of
e* passes the limit of the capacity of the
calculator (10°%°), and so the top and bottom of
the fraction become equal (both at a value of
10°%° ) instead of the true situation of the bottom being roughly twice the top.
This is most likely to happen with limits involving power functions as they will
overflow for smaller values of x.

A related effect happens when investigating the behavior of the commonly

. . 1\"
used calculus limit of lim (1+—j )
n—oo n

Suppose that you wish to use the Function T F1
aplet to evaluate what happens to Lon [ ZidELd
F1(X)=(1+1/X)*X by changing to the NUM view Lo 2. 71828
and choosing the ‘Build Your Own’ facility (see fEle
right). The convergence towards e can also be E.7Figzzigzoaz

seen graphically in the PLOT view but is very INZ [ ORT | EIG [DEFM

slow to reach high accuracy.

88



The problem lies in the fact that the slow
convergence will mean that people will often
try to graph this function for very large values
of x. The first graph on the right shows the _— Flo: 8. 704814 [T
graph of this function for the domain of 0 to

100. The second graph shows how instability W
develops in the domain 0 to 1E11 (1x10M).

This apparent instability is caused by the : GE10 Flisx: 2718202 [EIET)
internal rounding of the calculator. It works to

16 bits accuracy, which means that it can store 12 significant digits (for
reasons only of interest to programmers). This means that when you invert a
really large number and add it to one, you lose a lot of accuracy.

For example: if X = 2-85x10'° then 1/X is 2-5087719298x10. When you
add 1 to this, the calculator is forced to discard all but the last decimal place.
Thus 1 + 1/X = 1.00000000003 (rounded off from 1.00000000002508...)

There are naturally a whole range of numbers W
which will all round off to the same value of

1.00000000003, so that (for that range of
numbers) the expression (1+1/X)*X is
equivalent mathematically (on the HP) to : GEL Flixx 3.718282 [EECTT

(1.00000000003)*X. This produces a short section of an exponential graph,
which only looks linear because you don't see enough of it.

Eventually the calculator reaches a value on the x axis which is large enough
that it rounds off to a smaller number than 1.00000000003, which is
1.00000000002. This produces the sudden drop in the graph as the plot
changes from a section of a 1.00000000003*X graph to a section of a
1.00000000002~X graph (which has a shallower gradient).

This section is maintained until the next drop, and so on. Finally, at the value

x =2x10" the inverted value is so small that 1+1/X becomes exactly 1 and
the graph becomes horizontal. Of course this is completely the wrong value!

Although this explanation may be beyond the level of many students it is
quite important that they have some understanding of these ideas if they use
the calculator to evaluate limits. The solution to all problems of this type is to
simply be aware of their existence and to allow for them rather than simply
accepting the results shown in the NUM view.
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Gradient at a point

This can be introduced via the Function aplet.

In the Function aplet, enter the function being studied into F1(X).

m FI]H':TII]H ........................
To examine the gradient at x=3, store 3 into =1 28
memory A in the HOME view as shown right. 3
=TOk
Return to the SYMB view, un-CHK F1(X) and Fl.;;::’;.i;ﬂ: _%HE"L'E i
enter the expression 2ema=CF1CA+xY-F1C.,
FaiHa=
B . Faixi=
F2(X)=(F1(A+X)-F1(A))/X in F2(X). CF1CA+XI-F1 (R4
b C(AMWIL| Ok
This is the basic differentiation formula with X f (a+ h)— f(a)
taking the role of h and A being the point of f '(a)zLin% H

evaluation.

""""" FUMCTIOM MWUMERIC FETUP fEE

Change to the NUM SETUP view and change :mg::r '?'1

the NumType to “Build Your Own”. By TR (i 1d Your Cwn
entering successively smaller values for X you Fe
can now investigate the limit as h tends
towards zero.

To investigate the gradient at a different point simply change back to the
HOME view, enter a new value into A and then return to the NUM view.

The disadvantage of the previous
method is that it is not very visual. An

alternative is to use an aplet
downloaded from the web.
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Finding and accessing polynomial roots

The POLYROOT function can be used to find roots very quickly, but the results
are often difficult to see in the HOME view, particularly if they include complex
roots. This can be dealt with easily by storing the results to a matrix.

. T FUNCTION
For example, suppose we want to find the

3 2 -
roots of f (X) =X>—-3x*+3. We will use the FOLYROOTCL1.-2,8,2] :,H'r”_
POLYROOT function and store the results into [-.579385241372, 1.3472,

M1 m

.................. MATEIY CATALOG EENA
The advantage of this is that  [IHERIZISEEINE

H M2 1¥1 KEAL MATEIY UKE
you can r)ow view the roo_ts M3 141 REAL MATRIX [ TECTTR
by changing to the Matrix M4 1%1 REAL MATRIZ T
Catalog. and pressing I,  |M3 11 REAL MATFI:

See page 170 for more

detailed information on matrices.

- 8?9352415?2
FI]HETII]H ........................
In addition to this, you can access the roots in mlﬁq”
the HOME view as shown. 12 - BFIZEE24157 3
1.347 29635535

FTOk

Calculator Tip
This trick is particularly helpful if you are working with

complex roots. Not only does it make it easier to re-use
them it makes it easier to tell at a glance which are real
and which complex.
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THE VIEWS MENU

In addition to the views of PLOT, SYMB and NUM (together with their SETUP
views), there is another key which we have so far only used very fleetingly -
the VIEWS key.

It may seem odd to devote an entire chapter to what might appear to be an
inconsequential key. In fact, however, this button is very useful to the
effective use of the calculator, and crucial if you intend to use aplets
downloaded from the internet.

The contents of the VIEWS menu changes according to which aplet you are
currently using. The Function aplet contents are covered here but the others
differ in only small ways.

Choose diameter
Toss coins
However, aplets downloaded from the Internet Show results
will usually have a radically different VIEWS g[:ﬂwtgf'aph
menus created by the person who wrote the 2
program for the aplet. See page 214 for more | N N 1T N T

information on this process if you intend to program the calculator.

Flot-Detail

The VIEWS key pops up the menu on the right. Eig:iﬂibé-?at
We have already seen the use of the Auto Auto Scale
Scale option (see page 96) and this is probably Decimal | =

the one most used. The other options are also
very useful at times.

Ouverlay Plot &
Auto Scale

Decimal
Inteier
m = & =  aempmms = = = m :':
I I N N T T
25|y

Shown on the right is the graph of
F1(X)= X2-1. If we press the VIEWS key,
the menu above will pop up.

- FLita: -1 MENL]
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Plot-Detail

Choosing Plot-Detail from the menu splits the
screen into two halves and re-plots the graph
in each half. The right hand side can now be
used to HIIE without affecting the left screen.

1
SELECT ZECOND CORMER [T AT

For example a Box zoom shows the result on
the right allowing easy comparison of ‘before’

and ‘after’ views.

Z00M [TRACE] k.
The left hand graph is always the active one, with results L All the normal function
of actions shown on the right. We can now use the left tools are available
graph again to zoom in on another section of interest, or except for [ERIN].

alternatively, press the key under the
label. This switches the right hand graph onto \ / \

the left screen. /
RN L

Using LETZTA or the FCN menu you

can then find or examine points of

interest. Alternatively you can zoom

in again using another Box zoom. i |
SELECT =EC \ \

Any of the normal Il tools such as Signed  [s:-1.03125  Frcex . os3uzes EIET
Area... or Extremum can be used in this split screen.
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Plot-Table

The next item on the VIEWS menu is Plot-
Table. This option plots the graph on the right,
with the Numeric view on the right half screen.
Using the left/right arrow keys moves the
cursor in both the graph and the numeric
windows. See page 95 for information on how

5
2.285 Y. 0625

200t | | FCM JOEFH] |

to keep nice scales in the table view. When more than one function defined
in the SYMB view, pressing the up or down arrows changes the table focus
from one to another. In this case, with only one, it centers the table.

Let us switch now to a graph of the two
functions F1(X)=X?-1 &

F2(X)= X34+2X2?-5X —4. This shown on
the right, using an XRng of -8 to 8.

Changing to Plot-Table gives the result shown
left. As you can see, the scale has been
preserved unchanged, although without labels.
The table on the right also uses a sensible
scale of 025 because of the choice of an x
axis scale of -8 to 8. Choice of scale in the
Plot-Table view is discussed in detail in the

N/

1

“Tips and Tricks — Nice Scales” immediately following the chapter on the

Function aplet.

Looking at the table heading you will see that it
currently shows the function F1(X). The
left/right arrow keys move within that function,
with the cursor keeping track. Pressing the
up/down arrows now not only centers the table
highlight but, more importantly switches from
F1(X) to F2(X). The X column will not change.
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What makes this view even more useful is that
the table keeps its ‘nice’ scale even while the
usual ‘FCN’ tools are being used. As you can
see in the screenshot left, the table is
automatically repositioned to show the closest
pixel value to that of the extremum found.

F2
-y
-5.1094

=-5.17149
-3.625

EXTEM: (.7B52996Y,...~6.20882, . [ET2

The Signed Area... tool is also available in this view and when the cursor is
moved the values in the table follow it. Unfortunately, the highlighted value in
the table doesn’t change as the cursor moves to create the shaded area. For
this reason the best strategy is to use the key to jump to the end point.
This means that the area will not be shaded but this should not be a problem.

Overlay Plot

Another possibility from the VIEWS menu is Overlay Plot. This option can be
used to add another graph over the top of an existing one, without the screen
being blanked first as it usually is. As an example, if you have already
graphed functions F1(X) through to F6(X) and then add another one in the
SYMB view, then you don’t really want to have to wait while all the earlier
ones are redrawn. If you un-El®IA the earlier graphs and then use Overlay
Plot for the new one then it will be drawn over the top of the existing ones.

Of course the results will not be good if the scales don’'t match!.

You can even use this to combine different
styles of graphs. For example, the screen shot
right was produced by drawing a circle in the
Parametric aplet and then superimposing the
equations y = x and

y = -x in the Function aplet. This could be used

to show, for example, enclosing curves for conic sections.

You can also use this technique to overlay functions on top of statistical

graphs.
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Auto Scale

Auto Scale is an good way to ensure that you get a reasonable picture of the
graph if you are not sure in advance of the scale. After using Auto Scale you
can then use the PLOT SETUP view to adjust the results.

It is important to understand two points about how Auto Scale works.

1.

. Auto Scale is done only for the first

It works by using the X-axis range that is currently chosen in PLOT
SETUP to adjust the Y-axis range to include as much of the graph as

possible. It will not adjust the x axis.

graph with a EITA. If there are other

graphs and they don'’t fit the scale then
they will not benefit. As you can see in
the example shown right, the quadratic

350000000029 ] ¥

[

shows well but the second graph (a it 0

FLida: -1

[MEMU |

cubic) shows only an ascending section. Zooming out would be an
option at this stage, as would un-BEding the quadratic in the hopes

that Auto Scaling the cubic might give better results (unlikely).

The resulting y scale is
often not a very ‘nice’
one. You will usually
have to adjust it in the
PLOT SETUP view to

make it look good.

HEMG: -5, 5

The excessively thick axis in HTICK:

g FUMCTIOM PLOT ZETUP i

B.3

VNG - 12,917, 98, SH9E,,

YTICK:

the first screen shot of the RE::  Dietail

sequence of three on the right  [EHTEE YEE
is a common result of Auto Eﬂi
Scale and is caused by the value of
Ytick being too small. The third graph
has a Ytick value of 10 instead of 1.

F1ida: 1
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Decimal, Integer & Trig

The next option of Decimal resets the scales
so that each pixel (dot on the screen) is exactly
01. The resultis an X scale of —-6-5<x<6-5
and a Y scale of —3:1<y<3-2. This may not

give the best view of the function. Personally |
don’t often use it, as it is generally easier to go

\J

H]

Fliil B

k%

to the PLOT SETUP view and press SHIFT CLEAR.

The Integer option is similar to decimal, except
that it sets the axes so that each pixel is 1
rather than 0.1 thus giving an X scale of

—65< X <65.

The usual result of this is rather horrible.

The final option of Trig is designed for
graphing trig functions. It sets the scale so

each pixel is %4. This means that if you
were graphing F1(X)=2sin(X) then 24
presses of the left or right arrows would move

F1idy: &

A
VARY

$1.570796

Faiiy: 2

ANTA
AV

you through exactly 7 and the value would be exactly 2 instead of a horrible

decimal.

If you zoom in or out from this, the jumps will still stay relatively nice,
particularly since 24 has so many factors. For example, with a zoom factor of

2, zooming out once would mean each pixel was now %8’ while zooming in

would give a pixel jump of ”12.

As you can see, the cursor is nicely at a value
of % giving a y value of exactly 1 instead of

only very close.
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The default axes under the Trig option is -2z to 2z. If you are primarily

interested in the first 2z of the graph then simply change Xmin to zero.
Alternatively you can move the cursor to 7 (the middle) and then zoom in.

The example below uses zoom factors of 2x2 with Recenter: ElfiIded.

3.2000 ¥
PN

.-B.5085 ™, Jeeas

#:3.141593  Flikk -1E-11

a—Zoom In e

-1T136 "\\—/.’3555

:3.141593  Flix: -1E-11  [EIEITR

Calculator Tip
In the graphs above the cursor is at x = n. The coordinates at
the bottom of the screen should show F1(X)=0 but doesn’t due

to the fact that the value of « stored internally is not (and of
course cannot) be exact. The rounding of = in the 13" decimal
place means that the resulting trig values will be ‘wrong’ in the
11" to 15" decimal place depending on the function used.
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Downloaded Aplets from the Internet

The most powerful feature of the hp 39g+ is that you can download aplets
and programs from the internet to help you to learn and to do mathematics.

Two quick examples of aplets that are available are shown here. More are
listed in the supplementary appendix on “Teaching Calculus using the

hp 39g+”. Notice that in each case the aplet is controlled by a menu. This
menu is created by the programmer and ‘attached’ to the VIEWS button so
that it displays in place of the normal menu.

Curve Areas

This aplet allows the user to find
approximations to the area under a curve by
finding either the lower rectangular area, the

upper rectangular area, or the trapezoidal area. v

] oul
The user can choose the end points of the interval, W *The — fr§; :
the type of calculation and the number of rectangles [~ ko 4 1z seerox.
to be used. The rectangles are drawn on the screen. A worksheet I ] .
introduces the idea of integration to find areas. IR W N NS 10

Linear Programming

This aplet visually solves linear
programming problems, finding the vertices
of the feasible region and the max/min of
an objective function. The final stage of
finding the vertices is a bit slow on an hp 39g but ; }?‘ﬁ{é}ﬁ%&du RN HJ(

Analyse
Wiew plaot_

e
LAY LS

more acceptable on an hp 39g+. e 2 "

Eat 16, 380

|IIIIIIIIIIIIIIIIEI
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THE PARAMETRIC APLET

This aplet is used to graph functions where x and y are both functions of a
third independent variable t. It is generally very similar to the Function aplet

and so we will look mainly at the way it differs.

An example of a graph from this aplet is:

X(t) =5cos(t)

which gives:
y(t) =3sin(3t) I

} O<t<2r

Although it you can graph equations of this

Ve
WA

Z00M |TRACE| GOTO

DEFH |MEML

type, only some of the usual PLOT tools are present. As you can see in the
screen shot above, the IZ& key is not shown, meaning that none of its tools
are available. Thinking about the nature of these equations will tell you why.

As usual the first step is to choose it in the
Aplet Library. Press the APLET key, highlight
Parametric and press BIl@l. If you wish to
ensure that you see the same thing as the
examples following then press the
button before pressing Bl

As with the Function aplet, this aplet begins in
the SYMB view by allowing you to enter
functions, but the functions are paired. Each
function consists of a function in T for X and
another for Y.

Looking at the PLOT SETUP view, you will see
that we now have to enter a range for T as well
as the usual ranges for X and Y. Itis crucial to
understand the different effect of the T range
to that of the X and Y.

Calculator Tip

Function

Farametric

Folar

Sequence

Solue L
| ZAVE |REZET| £ORT | SEMD | RECY [STHET]

HEE PARAMETRIC SYMEOLIC WEL S5
W 1CTa=0#C05CT
w1CTa=3%5IHCIXT 2

TalTa=
watTo= L

EOIT Jw k] T |  [SHOMW]EVAL |

........... PARAMETEIC PLOT SETUP eed
TrnG: [N 1-

TSTER: | |

HENG: -6, 5 E.D

YEHE: -3, 1 3.2

EMTEE HMIMIFMUM TIME YALUE

EDIT PRGE ¥

The default setting for TStep is 0.1. In my experience this
is too large and can result in graphs that are not sufficiently

smooth. It is worth developing the habit of changing it to
0.05.

# PREAMETRIC PLOT TETUP %
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The effect of TRng

The X and Y ranges control the lengths of the axes. They determine how
much of the function, when drawn, that you will be able to see. For

example...

PRERMETRIC PLOT SETUP S
B. 28318

TREHG:

TSTER: . B5

HRMG: —1H 1A

YEHG: — 5 =

EMTEE MIMIMUM TIME YALLUE

[EDT] | PAGEW ] | |

PARAMETRIC PLOT ZETLP
e CHIEE <. 25212,
TETEP: , @S

WENG: —d 4

YEME: -2 2

ENTEF MINIMUM TIME VHLUE
EMT] | PFAGEW ] | |

gives a graph of:

whereas..

gives a graph of:

Ve

T: 0 (5,00

VANYAY

T: 0 (5,00

VARV
KT 7%

Notice that in both cases, LIZIH is on and shows the T value, followed by an
ordered pair giving (X,Y). Unlike XRng & YRng, the effect of TRng is to
decide how much of the graph is drawn at all, not how much is displayed of

the total picture.

For example...

: PARAMETRIC PLOT SETUP 53
rens: I S

TSTER: . @5

RRNE: =5, 5 5.5
vRNE: 3.5 3.5

EMTER MINIMUM TIME YALUE
EMT| | PRGEW | | |

gives a graph of:

As you can see

T: 0 (5,00

AVANVA
VAN VAN

above, changing the T range from 0<t <27 to 0<t <5 gives a graph that
appears only partially drawn. What constitutes “fully drawn” depends, of

course, on the function used.

The value of the parameter TStep controls the
jump between successive values of T when
evaluating the function for graphing. Any
graph is always a series of straight lines, and
making TStep too large produces a graph
which is not smooth. The example on the right
shows TStep = 0.5 instead of 0.05.
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Calculator Tip
» Decreasing TStep beyond a certain point will only
slow down the graphing process but not smooth the
graph further.

Since trig functions are often used in parametric
equations, one should always be careful that the angle
measure chosen in MODES is correct. The default for
all aplets is radian measure.

As usual, the NUM view gives a tabular view of 24| 71

the functlop. In this case there are _three 5'355355 :EEEEEE;

columns, since X1 and Y1 both derive from T. W 3aeanals: SuaaE.
q. a05305|2. 796117
4.387913|2.992485

As with the Function aplet, it is possible to zooHl || EIGJDEFM] |
change the starting point and step size of the table, and also to change it into
a Build Your Own type of table (see page 77).
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TIPS & TRICKS - PARAMETRIC EQUATIONS

Fun and games

Apart from the normal mathematical and engineering applications of
parametric equations, some interesting graphs are available through this
aplet. Three quick examples are given below.

Example 1

Try exploring variants of the graph of: E E E 3

X(t) - 35' n3t BLITI=AXSINCAET). YLTi=2EsINGEERT
y(t)=2sin4t
Example 2
Try varying the values of a and b in the
equations:
X1(t) = (a+b)cos(t) —bcos((%+1)t) /
YUt = (a+b)sin(t)-bsin((@( +1t)  momm MEN

Hint: The example shown uses a=4, b=2.5 and has axes set with TRng of 0
to 31.5 step .2, XRng of -21.66 to 21.66 and YRng of -12 to 9. It also
has Axes unflfildd in PLOT SETUP.
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Vectors

The Parametric aplet can be used to visually display vector motion in one
and two dimensions.

Example 1
A particle P is moving in a straight line. Its velocity v (in ms'1) at
any time t (in seconds, t>0) is given by V(t) = 2t* - 5t% + 2t -3,
lllustrate its motion during the first 2.5 seconds.

Enter the motion equation from (v) as X(T) and
enter Y(T)=T. The only purpose of this second
equation is to move the particle up the y axis
as it traces out its path, thereby making it
easier to view.

Changing to the NUM view lets me scroll 1 il 11
through the first three seconds of movement, E | e
. 1.75 =4.09375(1.75
allowing me to choose a good scale for the x 3 -3 2
. =1.03125|2.25
axis. &z 3.5
2.5
(zootl [ [ EIG [DEFNT
I’'m interested in the first 2’2 seconds only, so == PREAMETRIC PLOT ZETOP L

I'll also restrict TRng to 0 to 2.5. Using Y(T)=T  (trnG: NS =.5
for this TRng means the y values will also TSTEF: , B4

range from 0 to 2.5. Maximizing visibility of this ﬁ::g :?5 3
range of values is the reason for setting YRNG  |enter HiMIFMUM TIME YALLE
to be —0.5 to 3 in PLOT SETUP. The range for

the x axis is chosen from the values shown in the NUM view . The value of
TStep is carefully chosen so that when the motion plots, the speed is slow
enough to show its progress.

The graph makes it plain that it doubles back
twice in the first two seconds. The really nice
part about this method though is that the
motion can be seen on the screen. As the
particle slows down near the turning points it
does so on the screen. As it accelerates in the = DERL
final section you can see this on the screen too. Obviously this can’t be seen
on this page, but | recommend you try this for yourself.
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Example 2

Two ships are traveling according to the vector motions given
below, where time is in hours and distance in kilometers.
lllustrate their motion during the first ten hours.

: . (-100 20
ShipA: X, = + t
[ 500 ] (—30)
200\ (-15
ShipB: Xg = + t
400) \-20

Enter the equations of motion as shown right.  p#s PARAMETRIC ZYHMEDLIC WIEM 353
] CT a=-168+268%T

1 CT 2=5ER-3R%T

b B2 LT a=2@8E—-15%T

Now change to the PLOT SETUP view and set  pristl Zdddecil
the axes to suitable values. Possible values .
are shown below.

EDIT |+ CHE FHOK | EVYAL

........... PARAMETRIC PLOT SETUR FRARAMETRIC PLOT SETUP Harey
e EIIIEEEE 16 stick: EEI ok S8

TZTER: . 2 ¥ SIMULT _INv. CRO:S
HENG: - 288 =155 ¥ COMMECT _ LAEELS
YEMG: - 18R AR ¥ AHES _ GRID

EMTEE MINIMUM TIME YALUE EMTEF HORIZOMTAL TICK ZPACING
EDIT FRGE W EDIT & PHIE

Now press PLOT to see the ships’ path appear.
As with the previous example, the value of *H._\
TStep is chosen to allow visible motion. As the \\><‘//
graph appears it can be seen that the ships do
not collide, even though the final plot may

make it appear that they do. T: 0 i-100.500) MENL

To find the distance between the two ships at
any time t, you can enter the equation

F1(X)=\/(X1(X) — X2(X))? + (YI(X) - Y2(X))?
into the Function aplet. Note that the active
variable must be an X in the Function aplet EXTRM: (B.6792452,.,-13.73605.. ST
instead of the T of the Parametric aplet. Graphing this function will allow you

to find its minimum value. In this case the separation is minimized at t=8.68
hrs.
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THE POLAR APLET

This aplet is used to graph functions of the type where the radius r is a
function of the angle 0 (theta). As with the parametric aplet, it is very similar
to the Function aplet and so the space devoted to it here is limited mainly to
the way it differs. Some examples of functions of this type, together with their

graphs are:

RI(0) = 4cos(39) R2(0) = 0.50

R3(6) = 3+|2sin(100)|

N |

S 12

N/

Fload: Y¥COscIEad [HEMLU | [T

Z 15

EIE(race): 3+AESCEESINCLOXAD) [HMEML|

The PLOT SETUP view shows that ranges must
be specified not only for X and Y but for 6. The
values set for XRange and YRange control the
length of the axes. The movement of the
cursor follows the increments set for 6 in 6Step
regardless of the resulting X and Y positions.

------------- % POLAK FLOT SETUP 5

skns: CHNEE . 25515,

RETER: . @5
HRMG: =5, 5 B3
YRWG: =2, 1 3.2

EMTEF HMIMIFMUM & YALUE

ELT| | PRGEW | | |

The values of 6Range and for 6Step are critical in controlling the appearance
of the graph. The values set for 6Range control how much of the graph is
drawn, while the values for XRange and YRange only control how much of
the graph is displayed on the screen once drawn. 06Step controls how
smooth the graph is, as did TStep in the Parametric aplet. The default values
for ORange are 0< @ < 27 and the default value for 0Step is ™/24.

The default for 6Step often results in graphs which are not very smooth and
0.05 is a better compromise between smoothness & speed. If you particularly
want to use a fraction of n to aid in tracing the graph then try "/so.

If it is important to have a set of axes that are
‘square’, so that circles do not look oval, then
use the default values. If the resulting axes
don’t show enough of the function, then EiDIE
in or out. The EILIE Square option can also be
used to achieve round circles.

106

N
N1/

[Z00M [TEACE] iR va | [DEFN MENL]




THE SEQUENCE APLET

This aplet is used to deal with sequences, and indirectly series, in both non-
recursive form (where T, is a function of n) and implicit/recursivel/iterative

form (where T, is a function of T4 ).

Examples of these types of sequences are:

(explicit/non-recursive)

T,=3n-1 ... (2,581114,....
T,=n® .. {1,4,916,25,.....
T,=2" ... (2,4,816,32,.....

(implicit/recursive)
T=21,-1;T,=2
T.=5-T, ;T,=2
T=T ,+T ,;T,=1T,=1

. {235917,...}
. {23232,..)
. {112,358...}

As with most aplets, the Sequence aplet starts
in the SYMB view when you enter formulas.
The Sequence aplet uses the terminology U(N)
rather than the other commonly used T, for its
definitions in order to avoid having to use
subscripts which would not show up well on

FEEE CEQUEMCE SYMEDLIC WIEL 3

Uicza=

U1cH»=

Uzela=

Uzo2h= L
[ EOIT [ iHk] | [SHOW] EVAL |

the screen. All functions of this type are assumed to be defined for the

positive integers only -for N = 1,2,3,4..

Each definition has three entries - U1(1), UL1(2) and UL(N) (see above).
If the sequence is non-recursive then only the UL(N) entry need be filled in,

with the other two entries calculated S CEQUEMCE SYMEOLIC VIER R

automatically from the definition. U1c1a

Let’s start with a non-recursive Z N+

Ulc2a=
H201h=

wi1c] =2

H-2alih-10] W | U1 CuEbReeeEl

sequence of T =2". If youtypeitin

W U1 CH =2

as shown right (using the XT0 button to get N), press L2020 =

ENTER and then watch carefully, you will see the
for U1(1) and U1(2) filled in automatically.
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As they do, marks appear on all three, but ET&ing or un-EddTA&ing

any one does the same for all three.

There are a number of very convenient extra buttons provided at the bottom

of the screen when entering sequences.

Two of these - M and HEIM - are
available as soon as the cursor moves onto
the U(N) line (see right). Pressing either will
enter the appropriate text into the sequence
definition.

The rest become visible once you have begun
to enter the sequence definition.

RN CEQUEMCE SYMEDLIC WIEK 33

L) =2
wi]c2h=d

Uz2cla=

H2cz2a= r
[ EMNT J#CHE] W | U1 [SHOW] EVAL |

H SEQUENCE SYMEDLIC wm%
w1 CHY=2"H

Uzela=

Liziz2o=
L2+
(W-20]cM-13] W | U2 JeAMIL] Ok |

For example, suppose we enter the Fibonacci sequence into U2 by defining
U2(N) as U2(N-1) + U2(N-2). Rather than having to type all of this we

can use the buttons provided, pressing:

Wl then [CEE then +

then IEA then LR

This is a very convenient feature, and worth remembering. The result...

There is no mark next to the definition
yet, since the sequence is defined recursively
and no values have yet been given for U2 (1)
and U2(2). Type in a value of 1 for both of
these and then press the NUM button to switch
to the NUM view.

As you can see in the screenshot right, the
NUM view shows the actual values in the
sequence as a table. If you move the highlight
into the U1 and U2 columns, you can press the
[IE:& button and see the sequence rule. You
can experiment for yourself and see the result

S CEQUEMCE £YMEDLIC VIEL %

L CHY=2"H
H2cla=
2cz2a=
U2CHa=L2 (=12 +LI2 k..,
r
[EMT J#CHE] | [SHOW]EVAL |
H 1 L=
i ] 1
y 1
3 g g
q 16 E|
5 e 5
B it i
1
zo0r] | | EIG JOEFM] |

of pressing the IHIM button (see next page for an example). The HIE
button is also available as usual, but it is easier to use other methods.
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The NUM SETUP view offers more useful
features. Change to that view now and
change the NumStep value to 10. If you then
swap back to the NUM view you will see (as
right) that the sequence jumps in steps of 10.
In case you don'’t realize... 2.1475E9is 200M[ [ [ EIG JDEFH] |

‘computer speak’ for 2-1475x10°.

M 1 L2

g 1
2oyl a9
2097152 |10946
2.1475E9|13462649
g2.199E12|1.655HER
2. 252E15|2. 037ELD

[==T=T=]

— | T W=

Now go back to the NUM SETUP view and H Ui | Uz
change the Automatic setting to Build Your 1 = 1

: o . . 18 1824 puta)
Own by moving the highlight to it and pressing |sa 1.12E15
the + key or by using MIIIHE. Switch back to  |1@8 1.27E20[2, S4E2G
the NUM view and enter the values 1, 10, 155259
50 and 100 into the N column. LENT LN LEIGalDERK L

You will find that the values for those terms of each sequence will appear in
the U1 and U2 columns almost immediately. In case you didn'’t realize, the
reason for the larger text is that | have used the IEIEH button.

2 ZEGUEMCE PLOT ZETUP
TEQPLOT: SRRl =
Due to the type of problems one is RN EE %4
usually trying to solve with sequences, '

/ YENG: -5 Za
the NUM view rather than the PLOT CHODZE SEGUEMCE PLOT TYRE
view is often more useful in this aplet, | R ETTE BTN S
but let's have a look at the PLOT view anyway. [&

Two types of plots are available, the default i

: TEQUEMCE PLOT SETLP:

H 1 TTICE: 5
. . ESIHULT _INY, CRO::
being Stairstep. 7 AUES # LREELS
_aFkIh
PLOT FUMCTIOME ZIMULTAMEOUZELYS
[ |wCHE| & PRGE | ] ]

Change to the PLOT SETUP view and ensure
that the setup view is the same as that shown .
in the two screens above right. Then change
to the PLOT view and you should see a graph
similar to the one shown below right. The H
second type of graph is the Cobweb. N:7 uacM): 13 [HMEMU]
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TIPS & TRICKS - SEQUENCES & SERIES

Defining a generalized GP and the sum to n terms.

. m SEQLUEMCE S
If we define our b A

GP using memory 5
variables then it  [- 72kE

becomes far more i
flexible. T
H 01
g 75

The advantage of this method is that you now 3 5:5355?5
need only change the values of A and R in the 5 HEEE%
HOME view to change the sequence. 1 '

zooHl | [ EIG [DEFHT

- . EEE ZERUEMCE =THEOLIC VIEK H 1 [HE]

Defining a series L1 ¢ph=1¢H-1 %R 3 5
(sum to n terms of -.--H%EE:E e 3 iias [fi2sas
a sequence is L =H+H=* 2.109375|13. 6188
tairly Straigh)t_ L2 NI =UZ2EH-1 0 +U1EH3 1 1 Theadal1e. da0a3
forward using a EDIT |v CHE ZHOW | EVAL M-

similar method.
Note the reference to U1l in the definition of U2.

Once U2 is defined in this way you can change both U1 & U2. by simply
storing new values into A and R.

Solving sequence problems

Questions like “What term is the first to be greater than 10 000?” or
“When does S, first exceed 10 000?” can be answered in the NUM view.

H i | Uz | uz

1 1 1 1
Simply move into the N column, make an g g E E
inspired guess as to the term you require and |4 i i i
type it in. The table jumps to that value. T & -

|11 1  [tAKiL] OK |
For example, in answer to the first question, H | Ul | Uz =]
we estimate N=35. However we find that : B AR nET IS r RE LY
U1(35) is far too large. By successive LI o= e B e
guesses, we find that T+s is the one we were 24 3-J0dELE-DaREL (R - DR
seeking. The second problem is as easily 25
solved in this way. zo0] | | EIS JOEFH| |
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Population type problems are also easily dealt with in this way.

For example, “A population of mice numbers 5600 and is
growing at a rate of 12.5% per month. How long will it be

until it numbers more than one million?”

Pressing CLEAR (above DEL) clears out the WA SEQUENCE SYMEOLIC VIEW S
existing expressions, and | can enter my Uicla=
formula. The two values of 5600 and 6300 are g it
automatically calculated. All we need do now O2¢1a=
is switch to the Numeric view to find, with oEEEx], 1257 (N-11+
some experimenting, that U1(46) is the first to
exceed one SIS CEQUEMCE SYMEOLIC VIERWEEEE] M | UL
million. U1 Ol =588 41 BE22714.Y

11102 =6300 43 |Beiea.s

UL CH=56aE%], 125¢C,, || BAGETA .3

T1afi8a"
Hzc2a= T T
[EOT I CHE] | [SHOWJEwALJ)fzo0M] | [ EIG JOEFM[ |

It is also possible to answer these questions in
the Solve aplet. For example if we use the
Sequence aplet to define UL(N)=2A(N-1) as
before, then we can change to the Solve aplet
and enter into E1 the equation U1 (N)=10000,
change to the NUM view and press and
obtain an answer of 14.29 . This means, of

course that N=15 is the first term exceeding
10000.

............. ZOLYE SYMEOLIC VIEH S
ELELILCH Y =1HHER

=L
Ed4:
ES:

EMTEFE WALUE OF PREX: =OLVE
EDIT DEFM |=OLYE

The reason why we did not use E1(N)>10000 is that the Solve aplet is
unable to deal with inequalities even though no error message is given if you

try.
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Modeling loans

| need to see the progress
of a loan of $10,000 at a
compound interest of 5.5%
p.a., starting Jan. 1 1995, with a
quarterly repayment rate of $175.
Set up Ul and U2 as shown above.

You can now follow the progress of the loan,
with U1 containing time and U2 the amount 7
owing at the start of each time period, showing E
it is repaid during the first quarter of 2023. 1

EDIT v CHE

---------- SERUENCE ZYMEOLIC VIEM B
w101 2=1395

10 20=1995.25

b L1 CHa =01 =104+, 25

112

)2 ¢ 1 1 =1 P00
UZ(25=10006%1 . A137 175
U2 HY=UZEH-1 351 . B1E7-175

L=

LO000
953 .5

qq24 | 4y
9865 . 945

9846.87H
9H07 . 272




THE SOLVE APLET

This aplet will probably rival the Function aplet as your ‘most used’ tool. It
solves equations, finds zeros of expressions involving multiple variables, and
even involving derivatives and integrals.

To ensure that we are using the same terminology, let's define our terms first.

An equation includes an = sign, and can

usually be solved:

SO0LVE ZYMEDLIC VIEK 3

Ez: Y 2=ll2+Z*A*0
E2:B-C+1=C{A+32-D
Ed:He-5%x—-56=0

__X2 ES: v
y= [EDIT | CHE[ = | [sHOW[EMAL
v2 =u? - 2ad \
eqg. ...are all equations.
? 94_1:&3 a Note the = sign
C provided for
X2 —6X+5=0 convenience.

An expression, on the other hand, does not contain an = sign. It can be
evaluated or rearranged but not solved. When you enter an expression into

the Solve aplet it internally puts an
into an equation which can be solved.

X —4
eg. E'+l
C
x? —6X+5

Let's start by looking

v>=u®—2ad . This equation gives the final
velocity (v) of a object as a function of the

= 0 ” onto the end so as to convert it

= SOLYE *YMEOLIC YVIER
a4
E6: (B-13/C+]

PHE—EEX+D

ES: L
... are all expressions. [EDIT [wrchi] = [ [sHOW]EvAL |

............. TOLVE STMEDLIE VEN T
wE1:E=Lle—2eq%0

at the equation

initial velocity (u), the acceleration acting on it SHOM| EVAL
(a) and the distance traveled (d).
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Suppose you had the problem:

“What acceleration is needed to increase the speed of a car from
16-67 m/s (60kph or ~38mph) to 27.-78 m/s (100kph or 60mph) in

a distance of 100m (~110 yd)?”

We’ll assume that you have already entered the equation into E2 (as above)

and have made sure that it is FIded.

If you press NUM to change to the NUM view,
you will see something similar to the screen on
the right. What values are showing on your
screen will depend on what happens to be in
the memories V, U, A and D at the time.
Pressing SHIFT CLEAR will zero all values.

I'H

i 13,1

A 1.81712859283

1A

EMTEFR YALUE OF PRE:: =OLYE

[EOIT JIMFD | |  |DEFM [OLVE|

Move the highlight to V and enter the value 27-78 , then to U and enter 16-67

and finally to D and enter 100.

Now move the highlight back to A (the value
you’re trying to find) and press the
button. You should find that you obtain the
answer to our problem of 2.47m/s?.

When the process has finished, you can
obtain a report on it by pressing the ILIl
button. The result in this case may not seem
very informative but there is more about these
messages on page114.
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Our first example was fairly simple because there was only one solution so it
did not much matter where we began looking for it. When there is more than
one possible answer you are required to supply an initial estimate or guess.
The Solve aplet will then try to find a solution which is ‘near’ to the estimate.

Example 1

The volume of a cylinder is given by V =2zr (r+h). Find the radius of a
cylinder which has a volume of 1 liter and a height of 10cm.

ZOLVE STMEOLIC VIEW
wE LV =2EmERe (R+H)

[

Enter the equation into E1 as shown right.
When you are entering the equation, ensure

that you put a * sign between the R and the E4:
bracket. See page 87 for more information on | E3* 4
this.

Change to the NUM view and enter the known  pis SOLVE NUMERIC WIEM gz
values, remembering that 1 liter=1000cm?. -
Position the highlight over R, enter a positive H:
value as your estimate, and press to
find the solution shown right of 8.57cm. The EMTEE VALUE OF PRESS SOLVE
equation is a quadratic in R which means two D LB
solutions are possible. If you enter an initial estimate of -10 you will obtain
the negative solution, which is physically invalid in this case.

Example 2

If f(x)=x’-2x*-5x+2 find all values of x for which f (x)=1.

Although you may have a clear picture in your mind and can provide Solve
with the estimates it needs, I'll assume that you would find it helpful to see a
graph first.

It is also possible to solve this in the Function e FOLVE SYMEDLIC WIEW S
aplet, which offers more powerful tools. The
PLOT view in the Solve aplet, although Ex:

powerful, can be deceptive if you don’t Eq:

ES: v
ZHOK | EVAL

understand it and | sometimes find it easier to
work in the Function aplet. In this case we will
continue to work in Solve.

115



In the SYMB view, enter the equation
Y=XA3-2X?-5X+2 into E1.

_'\—-\_\_\_\_
——

In the NUM view, enter the known value of Y=1, | \ ||
ensure that the highlight is on X, making it the =~ &% El:l HERL
active variable, and then press PLOT.

The PLOT view shows two curves. The horizontal line is the left side of the
equation which, when the known value of Y=1 is substituted, forms a
constant straight line. The other curve is the right hand side of the equation
which, since X is the active variable, forms a cubic. In this case the scale
chosen is appropriate but this will not always be the case and some
adjustment might be required in the PLOT SETUP view.

We require values where the two curves C‘é 1 }I
intersect. Using the arrow keys, move the /

cursor near to the first intersection point. | ||
found (see right) that -1.6 seemed to be a il.6 El:1

good approximation. Now change back to the NUM view and you will find that
this approximation has been carried back as the initial estimate. Press
to find the true value.

Repeat the process of obtaining an estimate in
the PLOT view and refining it in the NUM view to
find the other two solutions. See page 118 for
information on the effect of the active variable

i i EMTEF WALUE OF PRE:: SOLVE
on what you see in the PLOT view. Ll oL

Calculator Tip
The Solve aplet is not able to cope with inequalities.

Although there is no error message when you use < or >,
the answer it supplies is not what you would expect. What
is worse is that they are reported in I as correct!
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The Solve aplet can be used in conjunction with any of the functions
available through the MATH menu, and can also reference any equations or
functions defined in other aplets.

............. SOLYE ZYHEOLIC VIE] s
Example 3 fEllIiEiHiH“E—HiH}=4
a E3:
“Find a so that IXS —Xdx=4" Ed:
2

ES: ;

Set E1to: [(2,AX"3-X,X)=4

In the NUM view, set A to an initial guess of 3, and position the highlight on
A. Ignore X since it is not really involved except as a temporary variable
during the integration. Press to obtain an answer (eventually) of
2.4495. The delay is caused by the repeated integrations as the calculator
searches for better solutions.

Example 4

“Let X be a random variable, representing the heights of
basketball players. If X is normally distributed, with

11 =184-5 and o® =105 then find the height which cuts off
the tallest 5% of players.”

The MATH function for the normal distribution is UTPN (see page 282) which
gives the upper-tailed probability.

In the Solve aplet, set E1 to UTPN(184.5,105,%X)=0.05
Enter the NUM view, make an estimate, and press to obtain 201.35cm

Further reading

There are many more ways in which the Solve aplet can
be used in conjunction with the functions available in the
MATH menu. The MATH menu is discussed in detail
starting at page 243, with worked examples which often
use the Solve aplet.
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A detailed explanation of PLOT in Solve

The PLOT view in the Solve aplet is a little
more complex than most others, since the
active variable (x, t, theta etc) changes
according to the value for which you are trying
to solve.

SOLVE SVMEOLIC VIEH
-.-'E : HxE2+C=. 5B

FHOK | EVAL

As an example, we will enter the equation A*B?+C=-5*B into E1. Suppose
that we know the values of A and C but need to find B.

Now change to the NUM view and enter the
values shown right. Ensure that the highlight is
on B as shown and then press PLOT.

The result is a quadratic intersecting a line and
the reason for this lies in how Solve interprets
your equation.

EMTEFE WALUE OF PREX: =>OLVE
EDIT | INFO

DEFM |=OLYE

N

E: 0 El: -1

<)

When you select B by highlighting it, the calculator substitutes the supplied
values into all other variables except B and graphs the left and right sides of
the equation as two separate graphs. This may not always be obvious
because the substitution may produce graphs which aren’t visible on the

default scale.

In the graph above you can see from the label on the horizontal axis that the
active variable is B. In this case substitution means that A*B*+C=-5*B
becomes 0-4B*-1=0-5*B. The left side is quadratic, while the right is linear.

In this case there are clearly two points where
the graphs intersect and hence where the left
and right sides are equal.
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Move the cursor near to the left hand
intersection and then change back to the NUM
view. When you do so, the approximate value
you chose with the cursor is transferred as
your first ‘guess’.

Now press and you will see the hp 39g+
find the nearest solution to your guess. Finish
by pressing IEId to verify that the solution is
valid. See page 114 regarding this.

Obviously the next step is to change back to
the PLOT view, move the cursor near to the
second intersection and for that one too.

EMTEFE WALUE OF PREX: :OLVE
EDIT | INFO DEFM |=OLYE

YOLYE MUMERIC YIEW

EMTEFE WALUE OF PREX: =OLVE
EDIT | IMFO DEFH |=OLYE

YOLYE MUMERIC YIEW

[ - -]
.

[E
J-1.875133813259
Sign Feuversal

EMTEFE WALUE OF PREX: =OLVE

If we now change the active variable then there is an immediate change in

the PLOT view to reflect this.

Change back to the NUM view and restore the
variables to the original values, this time
leaving the highlight on C.

Since the active variable is now C, substitution
of all other values means that A*B?+C=.5*B

becomes 0-4+C=0-5. In this case both sides
are linear and this is shown in the PLOT view.

Notice that the axis label is now C. This would
have only one solution and there would be no

need to supply any particular starting value.

If we duplicate this process for A then
substitution of values means that
A*B?+C=-5*B becomes A-1=0-5. Both
sides are still linear, although not the same as
before, and this is shown in the PLOT view.
Notice that the axis label is now A.
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The meaning of ILI messages ESOLVE NUMERIC VIEM

= 27. 78
On pages 115, the values used were V=27.78, : Eg;r_g' 4631373
U=16-67 and D=100 and we were solving for A. & ==

) ) ENTER VALUE OR PRESS SOLYE
Thus: V- =Uu--2ad 11 1 1 1Ok |

became: (27- 78)2 - (16- 67)2 +2xax100=0 when substituted.

‘Zero’ - The calculator tried to find a value of A which made this zero and, in
the I message shown above, it is reporting that it succeeded.

‘Sign reversal’ - also indicates a correct solution, since normally one
expects to find an answer of zero at the point where the equation changes
from positive to negative (or vice versa). ‘Sign reversal’ is a report that it
couldn’t get an answer to 12 significant digits that was precisely zero, just two
answers minutely on either side of zero. This might indicate a discontinuity at
the point, such as that of a reciprocal graph at x = 0, but is more likely to
indicate a satisfactory answer.

The only time that you need to worry is when you receive any of the error
messages. These are:

‘Extremum’ - it found a minimum, but could not reach zero. Try solving
the equation (x—2)2+4: 0 and you will see this. The smallest

value that (x-2)"+4=0 can have is 4 at x = 2, so the answer

supplied will be very close to this (such as 2.000000001 or
1.999999999). The problem is that unless you check LIl
you may not realize that this is not actually a valid solution.

Calculator Tip

It is critical that students recognize this case since it occurs
quite often when the two sides of the equation (left and
right) come close but do not match. The student must

recognize that the answer is invalid and, preferably, why.
This is a major reason why it is often better to work in
the Function aplet, since it allows you to see clearly
whether or not there is a solution.

‘Bad Guess’ - the initial estimate you supplied was outside the domain of
the function. For example, the equation uses a square root or
a logarithm and you began from a value involving a negative.

‘Constant?’ - no solution was found. The value of the function was the
same at every point tested (and wasn’t the value you wanted).
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TIPS & TRICKS - SOLVE

Easy problems

Have you ever thought “There has to be an easier way!” when confronted in

a test with something like:

i % SOLYE SYMEOLIC YIEW 3
wE1R (H—10-3-1=2-9-C,

EZ:

E4g:

ES: L
[EDNT [wCHE] = | [SHOK] EVAL |

If you're sure there is only one answer to a problem, as there is in this case,
then solving it is simply a matter of entering the equation into the SYMB view

and solving it.

SOLVE MWUMERIC WIEW 33

EMTER VALUE DR PRESS SOLME
EMT[INFO] |  [DEFM [SOLVE

Harder problems

When you know or suspect that there is going
to be more than one solution to a problem
then the PLOT view can help you to obtain
estimates.

2_(x+1)

For example: — =
X 2

When you plot this you can see that the
solutions are near -2 and 1'5. If we now
switch to the NUM view we can use these as
initial guesses. This will give solutions of -
256 and 1'56.

------------- FOLNE MUMERIC VIEK 3

EMTER VALLE DR PRESS SOLVE
EDIT [INFD] |  [OEFH [SOLVE

............. $|]L'|'E $'|'HB|]L|E IIIIEH.............
FEL: 2o H=CE+ ] a2

Ez:

E4:

ES: L,
=HOK | EYAL

<

| 1HL E1: UNDEFIMED [FTIT)

EDOIT [+ CHE

In this case the problem shown will graph easily on the default PLOT view but
this will not always be the case. You may need to adjust the axes in PLOT
SETUP. Your teacher may insist on an answer given as a surd, or on
showing all working, but even in that case you'll at least be able to check

your answer.
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THE STATS APLET - UNIVARIATE DATA

One of the major strengths of the hp 39g+ is the tools it provides for dealing
with statistical data. The Statistics aplet and its companion the Inference
aplet provide very powerful yet easy to use tools with which to analyze
statistical data.

Unlike most others, the Statistics aplet begins in the NUM view, offering easy
input and editing of values, while the SYMB view is reserved for specifying
which columns contain data and which ones frequencies, as well as for
indicating pairing of columns for bivariate data. If you have not already done
S0, go to the APLET view, and then the Statistics aplet.

n|l Cl Cz2 | C=2 | C4

1 DD | SRRl | S

The hp 39g+ treats univariate and bivariate
data quite differently and those differences are
reflected in the SYMB and PLOT views. -
Because of this the Statistics chapter has been |EIRNCERETI

split into two and univariate data will be dealt with first. On the screen you
will see a key labeled either i or BT, Pressing the key under this
label changes from univariate (BIEIE) to bivariate (BIA) and back. Make
sure the key is showing Bl before proceeding.

N Cz | cC3 | C4

1 errrrre)
If your NUM view had some data in it, you could
press CLEAR (above DEL) and choose All All columns
columns. The DEL key is used to delete
individual data points, rather than whole I I N T T
columns.

Let's use the following set of data and obtain all the usual statistics on it, and
also plot a histogram and a box & whisker graph.

{2,3,1,0,-2,3,4,2,2,0,6,2,3,1,0,4,1,3, 3,2}

| €1 | C2 | C2 | C4

Move the highlight into column C1 and enter
the data, pressing the ENTER key after each
piece of data.

] Lt
= O
[T

ENT | IN: | SORT] Bl [1VARe[=TATE]
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Looking at the bottom of the screen you will see a series of tools provided for
you. is not really worth bothering with. It is generally easier just to
retype a number than it is to press and then use the arrow keys and
DEL to change it.

The key labeled IEEl inserts space for a new FSORT SETURS

number by shifting all the numbers down one

ZO0RT ORDER: [Simi=imispARL=

space. does exactly what it says... it INDEPENDENT: [ |
sorts the data into ascending or descending DEFENDENT:  Home

order. The extra fields in the screen shot right |cHOOZE 0T ORCEFR ___
are used with bivariate sorts or frequency

tables and will be explained in that section of the notes. Press to stop
the sort.

The IEIEA key behaves normally and B vs. EIET we have already
discussed. The last key labeled is the really useful one.

M
Making sure the highlight is in column C1, MEANE
press the EIIH key and you will see the ENOLE
screen shown right. If you use the down o
arrow, you can scroll down and see the rest of | N . NN
the screen (below right).

1-YAk Hi |

NOTE: If you get an error message instead of |z@zpev T 77707
summary statistics, you may have PINZ |32
forgotten to the aplet. HEDIAN (2
FAKE 5
G
1 1 [ oK |

As you can see in the screens above right, the hp 39g+ gives not only the
standard statistics that any scientific calculator would give, but also the
minimum and maximum values, the median and the upper and lower quartile
cutoffs. The mode is not given, but this is easily obtained from the histogram
as we will see later.
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Let's create a second column of data, and cheat by making all its values
double the values in the first column. We can use the HOME view to avoid
having to retype the values as follows...

¥ HOME
* Change to the HOME view and type the
command shown right, then press
ENTER. FECIFCE
TN I D R

*

Press the NUM key to change back to the NUM view. You should find
your new column created and ready.

If you now use the key, you will find that you still only see statistics for
the first column (H1). The reason for this is that you have not set up the
second column in the SYMB view. The default setup is to only recognize
column 1.

S0 STATISTICE SYMEOLIC VIEL) SHEE

“Hl:C1 1
Change into the SYMB view and edit yours so |«Hz: C=EEIEEN 1
that it looks like the one on the right. You must EE % -

make sure that H2 is Ell[ded, because only
. . . EMTEE =AMPLE
checked columns will show in the view. T T I T IS

Note that a screen key is provided to give you the letter C without having to
use the ALPHA key.

The stats are now available for both columns of data.

PR STRTISTICE SYWHMEOLIC VIEW s

As an alternative to the method used above, you {H1:C1 1

could also have created a ‘virtual’ column of data Ha: ' %

by using the SYMB view. Simply enter an H4; 1
expression giving the new column as a function [ e campLe

of the old one. Although the ‘virtual’ column will EDIT [ CHE ™ © £HOW | EYAL

not be displayed in the NUM view, it can now be graphed and analyzed
normally.

124



You may be wondering why the SYMB view is organized around histograms
H1, H2..H9 rather than simply around the columns C1, C2..C9. The
reason is that it allows you to easily cope with a frequency table by setting up
one column to represent values and another to represent the frequencies. If
not using a frequency table, the frequencies are normally set, by default, to 1

as can be seen on the previous page.

n] C1 L2 [055] L4
Let's set up columns C3 and C4 to represent é % E E 11
the table below glu ] b 37
’ 5(-2 -4 7 15
a3 ] :] q
x, | freq. Enter the values 12
3,4,5,6,7and 8 into C3
3 12 and then 12, 19, 25, 37, 15 and 9 into C4
4 19
5 25 NOW set Up yOUI’ SYMB EE&?:TETETIEE E?HBTLIE W|EI SHEEEE
6 37 view to look like the one Hz: C2 1
7 15 right. Make sure *"HEE C3 'f“ .
8 9 only H3 is checked. )
EMTEFR SAMPLE
[ E0IT |wiHK] C ] [sHOK] EVAL |

The reason for the last instruction is that only one histogram can be drawn at
a time and if more than one data set is checked, only the first one is drawn.

Now use VIEWS Auto Scale to plot the graph.
You will hopefully find that it looks like the one
on the right. The Auto Scale function is always
very effective in the Statistics aplet and is
recommended.

If you use the left/right arrows and look at the
bottom of the screen you'll see that the
frequencies and ranges are listed. | found that
| could tidy this graph up a little by going into
PLOT SETUP and (on the second page) setting
the YTick value to be 5 instead of 1. | also

checked the Labels option. The result is shown right.

You probably noticed a lot of other options in
the first page of PLOT SETUP. Their
explanations follow.
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H3: [4..5) F: 19

FRE?

“AMPLE
-k 17 4

H3: [3..42 F: 12

EEMEEE STATISTICE PLOT SETUP
sTATPLOT: [EEERA  HWIDTH: ]
HRMG: & 12.4

YEHE: - 12,333, 42.9375
HRMWG: S 3

SELECT STRTISTICE PLOT TYPE
[ JcHOO3]  PRGEW | | |




The setting of Statplot controls what type of SIS STATISTICS PLOT SETUP
graph is drawn. There two choices are Hist STHTPLOT: [ERRRAl  HHIDTH: 1
(short for histogram) or BoxW (Box and ﬁ::ihﬂéihﬂﬂ_h
Whisker). Pressing the + key while Statplot is [HrHC== -
highlighted will switch between these two, or SELECT STATISTICS PLOT TYPE

you use the [ILHE key to pick from the menu | I ST T

that pops up.

Unlike histograms, it is possible to have more
than one box and whisker graph plotted. This
makes comparisons between data sets very
easy. If you look for the cursor (circled) in the  |—— =
diagram shown right, you will see that when <H1.HEI:I= 2 M
IEEI is turned on then information about the ———
graph is given at the bottom of the screen. As | 11 1 -~
usual the up/down arrows change from graph | L
to graph, while the left/right arrows move within _? o
the graph.

o (e wah

NS

As an aside, pressing the [ key produces the normal tools of ENDIE],
LT and [EE]. They all behave in the normal manner. The [Ed tool can
be quite useful by displaying at the bottom of the screen information on which
columns make up each graph if you lose track.

Looking again at the screen shot of the first page of PLOT SETUP (near the
top of the previous page) you will see that there are three ranges. As with
the Parametric and Polar aplets, XRange and YRange control how much of
the graph is seen. If your histogram has frequencies of (say) up to 30 then
you need to make sure your YRange reaches at least that value or the top of
the histogram will be cut off. In the same way, if your data has a minimum
value of -5 and a maximum of 35 then your XRange will need to cover at
least that range of values. Using VIEWS Auto Scale generally produces very
satisfactory results.
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The effect of HRange is rather different. It
controls what range of data is analyzed in
calculating the frequencies, and is normally set
automatically to be the maximum and
minimum values for the data. For example H1
(shown right) has an HRange of -2to 7. If I go
into PLOT SETUP and change this to 0 to 7 then the graph loses the left
hand column representing the value of -2.

5.9375 | FRE®®

-4 1
H1: [-2..-1)

The advantage of this is that it allows you to 5.9375 1 FRER:
eliminate outliers from your graph quite easily.
However, eliminating them from your graph

does not eliminate them from inclusion in the PLE
calculation of the values that appear in the HI: 00,10 F:3 L
page. To do that you would need to use

DEL in the NUM view to delete the actual data itself.

One final note concerns grouped data. We saw earlier how to deal with data
displayed in a frequency table, but did not deal with the case where the data
was also grouped into intervals or classes.

data freq
For example, suppose we want to analyze the set of 10 - 19 14
grouped data in the table on the right. 20 - 29 26

30 - 39 37
40 - 49 23
The hp 39g+ provides some limited methods to deal 50 - 59 17
with data of this form. Summary statistics can be

obtained by entering the mid-points of the intervals as the data values but
these will only be approximations, as nature of the data itself does not allow
calculation of exact values. [ Ce [ C2 T T4

=
1]15 14 A |
2 (25 16
3(35 R
445 23

Attempting a normal g

PLOT will produce a P STATISTICE PLOT SETUR

series of isolated e g !

columns, each with YRNG: — 18 48

width one unit. The HRMG: B =1z

reason for this is that EELEET ETATISTICE PLOT TYPH

. CHOO= PAGE W
the calculator is : d

assuming that there are 14 values of exactly
15 (the mid-point) because it doesn'’t realize
that the columns extend the width of the interval 10 - 19.

1: 00,12 F:

127



However this can be fixed [l mnn:; ALOT mupm
i i sTRTPLOT: [JEEERA  HMIDTH:
by using the setting SENG: e
HWidth. kNG - 10 A EPTEE STATIETICE PLOT SETOP B
HENG: 18 S [HTICk: 18 vrick: ST
¥ AXES _INY. CROSS

5ELE|:T 5T|5T||:FL|]T T _iERID _ LHEELZ
This variable controls the CHOTSS  FHCE ¥
width of the columns, with the initial starting EMTER VERTICAL TICK SPACING
value and end value set by HRng. The PLOT EDIT A PRGE

SETUP views shown above will produce the
graph shown below.

H1: [10..300 F: 14 EEm
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TIPS & TRICKS - UNIVARIATE DATA

New columns as functions of old

You have already seen the use of one trick when we created a new column
C1 by storing 2*C1 into C2 using the HOME view. This can easily be
extended to create new columns as functions of any number of others. For
example, a set of data that you suspect is exponential could be ‘straightened’
by storing LN(column) into a fresh column. Changes of scale and origin can
be investigated in this way by storing (say) -2*C1 + 3 into C2. You can even
combine columns such as C1 + C2e-C3.

If you don’t particularly need to see the data as [Em@EsTaTIETICE VMEDLIC VIEW S
a fresh column, you can use the SYMB view to  [*H1:LC1 1

\ L : wH2: 2%C1 1
accomplish the same thing in a simpler way. HZ: I 1
For example, the SYMB view snapshot on the H4: 1 L
right would accomplish the same thing as EMTEE SAMPLE
storing 2*C1 into C2. A histogram of H2 would Il EXET N N ETTT T

look the same as the one we produced earlier using the HOME view, and the
command would give exactly the same results. The advantage of this
is that it takes much less memory if both columns need not be stored.

Simulating Dice

Many of the most common experiments in probability involve the repeated
rolling of dice. This can be simulated quite easily in the Statistics aplet using
the MATH menu function MAKELIST. (Covered in more detail on page 266)

The syntax is: MAKELIST( expression, variable name, start,end, increment )
where expression  is the mathematical rule used to
generate the numbers.
variable name is the letter (X, Y etc.) that is to be
used in the expression (any other
letters will be taken as constants).
start is the first value variable name is to take.
end is the upper bound for variable name.
and increment is the amount that variable name
should be incremented by in each
iteration.

For example: MAKELIST(X?,X,1,10,2)
would produce {1, 9, 25,49, 81 } as X wentfrom1to 3to5to ...

This lets you use MAKELIST and RANDOM to simulate a normal die.
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. . . m 5THTI$TIE5 .......................
The expression INT (RANDOM*6+1) will

simulate one roll of the die. This means that

MAKELIST(INT (RANDOM*6+1),X,1,500,1) [AKELISTCINT CRANDOMES.,
o . LG lsda2alsdals2adaiZyn

will simulate 500 rolls of a normal die. 1 —T = =

We therefore need only store the v e mi—-

resulting list into a Statistics aplet

column to analyze and graph it. This

is shown in the series of screen shots 3

to the right.
tl: [1.a3) F: A1 [HMENL

To simulate the adding of two six sided dice, use the similar expression
MAKELIST(INT(RANDOM*6+1)+INT(RANDOM*6+1),X,1,500,1)

T

Simulating Random Variables

It is occasionally handy to be able to simulate a set of observations on
random variables of various sorts. This can also be done using the MATH
menu function MAKELIST. (See previous page for syntax. Covered in more
detail on page 266)

Example 1: Simulate 100 observations on a U[0,1] r.v. to be stored in C2.
In the HOME view type: MAKELIST(RANDOM,X,1,100,1) kC2
Note: 1.The I symbol is one of the screen keys in the HOME view,

appearing as and read as ‘store’.
2. The X is only a dummy variable here to count off the values.

Example 2: Simulate 50 observations on a discrete uniform r.v. U[3,7]

In HOME type: MAKELIST(INT(5*%RANDOM+3),X,1,50,1) kc2

Example 3: Simulate 50 obs. on a Binomial r.v. with n =20 and p = 0.75.

In HOME type:
MAKELIST(Z(I=1,20,RANDOM<0 75),X,1,50,1) IcC2

Note: The X and the = are both on the keyboard. This will be a

relatively slow calculation because it involves evaluating 1000
random numbers.
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Example 4:  Simulate 100 obs. on a normal N(u=80, 5°=50).

Ensure that MODES is set to radian measure and type:

MAKELIST(80+450% (4 (-2*LN(RANDOM))*sin(2*RANDOM)),
X,1,100,1)kc2

Example 5: Simulate 50 obs. on an exponential distribution (mean = 2).

In the HOME view type: MAKELIST(-2*LN(1-RANDOM),1,50,1) kc2

As an illustration, the result of this particular
simulation is shown graphically on the right.
Its mean turned out to be 2.067 (3 decimal
places.). Yours will be different of course -

after all, that’s the point of using random
numbers! H1: [0..1) F: 19 MEML

Calculator Tip
The RANDOM function is not truly ‘random’ any more than it

is on any computer. You can, however, make it as random
as possible by using the RANDSEED command. For
information on this see page 281.
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THE STATS APLET - BIVARIATE DATA

As mentioned in the Univariate section, one of the major strengths of the

hp 39g+ is the tools it provides for dealing with statistical data. Unlike the
others, the Statistics aplet begins in the NUM view which offers easy input and
editing of values, while the SYMB view is reserved for specifying which
columns contain data and which ones frequencies, as well as for indicating
pairing of columns for bivariate data.

The hp 399 treats univariate and bivariate data quite differently and those
differences are reflected in the SYMB and PLOT views. Because of this the
Statistics chapter has been split into two.

The previous section dealt with univariate data
and we are now going to look at bivariate
(paired) data. On the screen in the NUM view
of the Statistics aplet you will see a key labeled
as either I or BMLIA. Pressing the key
under this label changes from univariate mm
(MIETA) to bivariate (EEIA) and back. Make ~—
sure the key is showing Bl before proceeding.

Cl | E2 | C2 | C4

e Elelelle el Bl

|3

n|] C1 | C2 | C2 | C4
1 s IEREIEEE | e I"W-W-WH
If your NUM view already has some data in it,
press CLEAR (above DEL) and choose All All columns
columns. The DEL key is used to delete
individual pieces of data, rather than whole
columns. One must be careful when doing this for bivariate data. If your
data pairs were in column 1 (C1) and column 2 (C2) then x; Vi
deleting a single piece of data from C1 without deleting its
paired element in C2 would destroy the relationship between ; 18
the two columns. s | 18
5 | 13
7 | 16
3 8
In this chapter we will use the set of data right to show the 6 | 15
use of the bivariate features of Statistics. We will obtain all 2 8
the usual statistics on it, and draw a scattergram. ; ;g
8 | 17
5 | 15
7 | 14
6 | 18
8 | 20
5 | 12
2 8
0 4
7 |17
8 119
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Move the highlight into column C1 and enter
the x; values, pressing the ENTER key after
each one. Now do the same for the y; values
in C2.

C2 | C3 C4

[T e T=T=T]
mwm=

E0IT | IM2 [ SORT] EIG [2VARs|ETATE]

Looking at the bottom of the screen you will see a series of tools provided for
you. As before, is not worth bothering with.

Calculator Tip

You can enter the x; and y; data into both columns
simultaneously if you enter it as ordered pairs in brackets.
ie.as (1,5 ) ENTER (3, 10 ) ENTER etc.

In fact, you can even leave off the closing bracket! The
calculator will complete it for you.

We could use VIEWS and Auto Scale to EEEE STRTISTICS PLOT SETUR
produce a plot (this generally produces very e :% i
satisfactory results), but let's have a look at the |simark: « saMaRK: & s3HARE: 4
PLOT SETUP screen instead. SUMARK: 22 SSMARK: X
EMTER HMARIMUM YERTICAL YALUE
[EOIT] | PRGEW | | |

As you can see, it is very similar to the other PLOT SETUP screens that we
have encountered with the main difference consisting of the list of settings for
S1IMARK, S2MARK etc. These are the markings that are to be used in plotting
the points, allowing you to choose different markings for different data sets if
you are graphing multiple data sets.

¥EM#EE STATISTICE PLOT SETUR

Set your PLOT SETUP screen so that it looks HTE'II]*EH ?TIEH:H? -
like the one shown above righfc, also S\.Ni.tChing e .
to the second page and ensuring that it is _GRID
checked as shown right and setting YTick t0 5. |ewter HorizOWTAL Tick sPACING
[E0IT]  Ja&PrsE | [ |
25| DEPEMD

If you now press PLOT you will see the result
shown right. If you look at the screen you will .
see a small cross and, at the bottom of the +
screen, a listing of S1[1]: 1,5. Thisis
telling you that the cross is currently on the first
point in data set S1 whose value is (1,5). Using the left/right arrow keys you
can move this cross through the data set with the values being reported at
the bottom of the screen.

IMDEP
Z1[ 1X1.-5 [MEML |
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If you have more than one data set displayed on the screen then the up/down
arrows move from one set to the other, unless the fit line is also showing in
which case the behavior is slightly different. Information is given later on how
to display the fit curve and to choose the type of curve.

As usual, the [N key produces a list of further options. The key labeled
ILH inserts space for a new number by shifting all the numbers down one
space. If working with bivariate data you will need to also insert into the
paired column.

The option is capable of dealing with ZORT SETUP
bivariate data if you are careful to enter the _ :

. 20RT ORDER: Ascending
column number of the dependent column into INDEPEMDENT: [ 1
the appropriate space. The [IIHE key will pop |verencent: [N

up a list of columns from which to choose, or CHOOSE DEPENDEWT COLUMH
you can use the ALPHA key. __[CHOL:L__|_[AHILL Ok _

SENESTATISTICE SYMEOLIC VIEW 3888
. . +S1: SV 2
Although we bypassed it in the previous wFitl:m#H+b
example, part of the procedure in dealing with = .

L . . . - Fitz2: m*x+b
bivariate data is to specify the relationships

. . EMTEF IMODEPEMDEMT

between columns before plotting. This is done | =T FEET= = T ETE

via the SYMB view as it is for univariate data.

L

The S1:, S2: ... refer to data sets 1, 2... This allows you to display more than
one set of bivariate data by specifying the columns for each set. Columns
can be used in more than one set. Note that a ‘C’ screen key is provided for
your convenience.

The screen above shows the default setup when you the aplet in the
APLET view. It specifies that columns C1 and C2 are paired and that a linear
fit (m*X + b) is to be used when calculating a line of best fit. This was all that
was required for our previous example and so | bypassed that step for
simplicity.

EE =TATISTICE SYMEOLIC VIEH

S1:C1 2
If you intend to use other columns then you Eét 1|:=3m*H+b ca
must register them in the SYMB view. For Fito: [ERET

example, to use data entered into C3 and C4 ENTEE USER DEFINED FIT
you must register them as shown. EDIT [ CHE] 3 SHOM | EVAL
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Choosing from available fit models

On the hp 39g+ the Statistics aplet is the only

one which has a SYMB SETUP view, and even then ppe———————s—=—=

only in BEIETX mode. This view is supplied to allow  |awai
: ! N gs1pr|bogarithmic it
you to specify what type of fit equation is to be used. | |F:ponential L
The choices are: sgpr|Power
cHOD Cuadrat ic L

Linear - m*X+b (Y=mX+b) [ | |  [wi] Ok |

Logarithmic - M*LN(X)+b (Y =mIn(X)+b)

Exponential - b*EXP(M*X) (Y =be™)

Power - b*X*m (Y=bX™)

Quadratic - a*X"A2+b*X+c (Y=aX*+bX +c)

Cubic - a*XA3+b*X 2+cX+d (Y=aX®+bX*+cX +d)

Logistic - L/(1+a*exp(-b*X)) this fits the data to a logistic

curve (Y = ;_bx) where L is the saturation value.
1+ae

(see tip below)

FEMESTATISTICS SYMEOLIC SETUP S5
AMGLE MEAZURE: Fadians

21FT: IRl s2FIT:Linear
SFIT:Linear SMFAT:Linear
S5FIT:L imear

CHOOZE ETATIETICE MODEL TYPE

I (=TT I I N

and - User Defined - discussed below.

Calculator Tip

1. If you want L calculated automatically, pre-store a value

of zero into it. If the value is known, you can store a
positive real value into memory L prior to the curve fit.
. If you calculate a line of best fit and want to remove the

resulting equation from the SYMB display and return to
the ‘m*X+b’ display then just position the highlight on

the relevant ‘Fit:’ line and press the DEL key. When
you do this, the will be removed and will have to
be reset.

The User Defined model

When you set the model to user defined it
means that you are expected to supply the
complete equation, including the values of any

- -
e Mt

F10 13:0. 1.38101 [HEHU

coefficients. The calculator will not calculate the values of any variables you
include. For example, if you were to supply an equation of A/(X -B) as your

model then the calculator would use the values of A and B currently in

memory.
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This may seem to be a useless model but it can be quite useful. For
example, suppose you had collected a set of data using a data logger and a
motion detector which you suspected might represent simple harmonic
motion.

Bl STATISTICE SYMEOLIC ZETUP 5553

There is no trig model supplied in the list of “"GLEUHE“5”“E= &

s Z1FIT: =t HEFIT:L1near
models built-in but some work and . SIFITL inear  SHRITL inear
experimentation may allow us to find a valid SSFIT:Limear
model and test its fit. CHODSE AMGLE MERSURE

If we change into SYMB SETUP view and BEESTATIZTICE SYMEOLIC VIEH Sas
select User Defined and then change back to  [#51:C1 Lz

SYMB view then we can insert our model as the [ 5.

fit curve. How to deduce the parameters in Fit2: m*¥+b v
this model | leave to you! PESINC, 1#1-20+3

As you can see in the new PLOT view, the
curve we have deduced fits the data quite well.
How well is a matter for your judgment, aided
by the ReTErr variable (see page 141).

1L 13:0. 1.33101 [MENL

Connected data

One of the settings on the second page of the PLOT SETUP screen can be
useful for some types of data. For example, one of the common tasks in
many mathematical courses is the analysis of time series data. Unlike most
bivariate data, time series values are usually plotted as a line graph - i.e. as
connected points. This facilitated by Connect.

For example:

The sales of an ice-cream shop are shown as quarterly sales figures for the
years 1992 to 1993. Display this data on a graph.

Yr 1992 1993
Qtr | 1 2 3 4 1 2 3 4

Sales |12 18 20 15 13 20 23 16
($1000)

The result (with Connect checked) is shown M

right. The X values were entered as 1, 2, 3, 4,

IMDER
5,6, 7, 8 ratherthan 1, 2, 3, 4, 1, 2,3, 4. A —— EET
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Calculator Tip

If you have trouble seeing the small dots that the hp 39g+
uses in its scatter-graphs by default then you will be
interested in the settings circled on the right. If you move

the highlight onto the mark for the data set you are using
and press [MIHE then you will see the menu shown right
from which you can choose a different mark. The contrast
is illustrated below.

EUEE STATISTICE PLOT SETUR
srnG: DN <

YEHG: -3 168
S1MARE: « SBMARK: £ FIMARK: o
178 SGMARK:

=
+
-

Two Variable Statistics

As with univariate statistics, summary statistics
are available through the key in the NUM
view (see right).

Pressing this key changes to a screen which
lists the following: MEANX, X, X?, MEANY, XY,
2Y?, XY, SCOV, PCOV, CORR and RELERR.

See page 141 for information on RelErr.

Let's use the set of data shown in the table on the right to go Xi | Vi
through the analysis process a second time and this time 1|2
examine the line of best fit. The data is also listed in the box 1|3
below. 2 |2
5 | 7
6 | 6
5 |7
4 |3
5 | 6
6 | 4
2 | 2
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Enter the data into the NUM view and then EERIE STRTISTICS SYMEOLIC VIEW S35

switch to the SYMB view. Make sure that S1 :Eit m*::_::_,_b Ce
(data set 1) is set to C1 and C2, EldI&ed, and 521

that the fit is linear. If not, the fit can be Fit2: m¥s+b L
i i EMTEE USER DEFIMELD FIT
changed in the SYMB SETUP view. T P B T

YEM#E STATISTICE PLOT SETUR

Now change to PLOT SETUP view and set the ~ [iFhe ig_ o

axes to be as shown right. SIMARK: « S2MARK: & SIMARK: 4
SYMARK: 23 SSMARK: 3

EMTEFE MiMIrUM HORIZOMTAL YALUE
[EniT] | PrcEw | [ |
From the NUM view, press the key and you will obtain the results listed
in the two screens shown below.

2-VAk =1 2-VAk =1

IETH e 216

i fruy 185

fria ir3 -coy  [3.288889

HERMY 4.8 pcoy  [2.496

i ya CORE

ey 215 F.ELERE E:

= 7. B9 7YASS5A431E-2
1 I 1 | [OK

Calculator Tip
Make sure that your data set is defined and EllIHed in the

SYMB SETUP view before you try to obtain these results.
Results are only given for data sets that are defined and

EXdTded.

If you now press the PLOT key you will see the :

graph shown right. If there is no line of best fit o . '

on yours, press the ML key to get the list of —

programmable functions along the bottom of :ACm|GOTO ] FIT | DEFH [MEML

the screen and then press the key.

As soon as the line of best fit has been obtained, you can switch back to the
SYMB view to get its equation. This equation is only calculated when called
for by pressing the Il key.
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In the SYMB view (see right) the equation is
given to so many decimal places that it doesn’t
fit onto the screen. The simplest way to see
the entire equation is to position the highlight
on the equation and press the EIIX] key.

When you do you will obtain the view seen
right which gives the equation of the line of
best fit as y=0.8199x+1.1662. With a

correlation coefficient of 0.7829 (from the
summary stats seen previously) this would
probably not be regarded as reliable.

On the screen above the equation is given to 4
decimal place accuracy. This is accomplished
by changing to the MODES screen (above the
HOME key) and specifying ‘Fixed 4’ as the
Number Format. If you don’t do this then you
can use the arrow keys to scroll the equation
left or right if it extends off the screen.

Calculator Tip

$EM# STATISTICE SYMEOLIC VIEL) SHEE

Szt
Fit2: mX+b v
EMTEF UZER DEFIMED FIT
[EDIT [#EHE] & [ |sHOW[EvaL |
H.5199-++1. 1662
[EDIT [ iHE] & [ |sHOW[EvAL |

..................... T T
RHGLE MERSURE: Radians
MUMEEE FORMAT: (SRR el
DECIMAL MARK: [t o, 3

CHOD:E FORMAT FOR MWUMEERX

One of the most common mistakes people make is to

press instead of EIIE. Always use ELIT®l when you
want to display the entire equation. An explanation is given
below.

It is very important that you display the equation in the SYMB view by
pressing instead of EILIE. Although pressing displays the
equation in a form which can be scrolled through problem with this method is
that the calculator thinks that you are choosing to over-ride its choice of
equation with your own by editing it. As long as you press there is no
problem but if you press ENTER it changes the FitType from whatever you

chose to ‘User Defined'.

If you are not aware that this has happened then it can have very serious
consequences. For example, if you were now to change the data and then
re-plot, the fit equation will not be re-calculated and will become inaccurate.
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We can make predictions from our line of best fit in two places - the HOME
view and the PLOT view. The hp 38g was able to do this only from the HOME
view.

In the HOME view we use the functions PREDY [Z[EH HOME [T
and PREDX from the Stat-Two section of the PREDY (22 5. 6260
MATH menu. The functions PREDX and PREDY (@3

PREDY use whatever was the last line of best
fit calculated. It is up to you to ensure that the
one you want used was the one last graphed. Lokl | COPY [ZHOH]_
If I want to predict a y value for x = 3, then | simply type PREDY (3) into the
HOME view as shown right.

Many people choose to simply type ‘PREDY’ using the ALPHA button instead
of going through the MATH menu.

Using the PLOT view is the probably the more .
visually appealing method of obtaining = —F '

predicted values. When you have plotted a set
of data and its fit curve then pressing up arrow ELL 31:2: & MEHL
will change the focus of the values at the bottom of the screen from the data
points to the PREDY values. In the screen

snapshots shown right the focus changes from ;
data point 3 (2,2), to the PREDY value for x = 2 . _ -
of 2.806. - -

H:@ PREDY:2.A0609., [HEMU

If there is more than one data set (and fit lines) graphed then the up arrow
will move progressively from one to another and finally back to the first.

Pressing left and right arrows will move along the fit line but only on pixel
positions, which may not be suitable if the scale is not chosen carefully. A
better way is to use the [l key to obtain PREDY values for any required
value of x, including values which would normally be off-screen.

Another aspect of bivariate stats needs to be remembered when the fit
chosen is not linear. Mathematically, the correlation coefficient is a strictly
linear measure of the goodness of fit and this means that the correlation
coefficient quoted in the view is always for the linear model even when
the model chosen is not linear.
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There are two methods of dealing with this. The first is to use another
measure of goodness of fit. The second is to ‘linearize’ the data (discussed
below). The hp 39g+ provides an alternative measure of goodness of fit via
the RelErr value in the view.

> (i = 9)?
RelErr is defined as the measure of the relative error RelEr==_——
in predicted values when compared to data values, Zyiz

and has the formula shown right. The y values are

obtained using the PREDY function internally. The only drawback to ReTErr
is that there is no upper limit its value of as there is for the correlation
coefficient. The interpretation placed on it is that the closer it is to zero the
better the model fits the data. This value is available for any of the data

models, including the user defined model.

Alternatively, when data is non-linear in nature you can
transform the data mathematically so that it is linear. Let's
illustrate this briefly with exponential data.

As you can see, | chose a very simple rule for Lz | £ | L4

the data: y=2"

mwH=m.rer
Srum

EDIT | INE | SORT| EIG_[BVAKe|STHTS]

If you set up a linear fit for the data in S1, and then view the bivariate stats,
you will find that the correlation for a linear fit is 0.9058

As you can easily see from the graph left, a
linear fit is not a very good choice.

. SEME STATISTICE SVHMEDLIC ZETUP 3
If we change now to the SYMB SETUP view RHGLE_HERZURE: Radians

and choose an Exponential fit rather than a sEFIT:Lineat

. . £3FIT: E}::|:-F1 IMFIT:Linear
linear fit then the results are far better. SSFIT:L inear

CHODSE STRTISTICE MODEL THRE
[ Jowoos] | | ]
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The curve which results in the PLOT view is
exactly what is required and the equation
comes out as Y =1- EXP(0.693147X)

210 H14- 16 [MEML |
EEME STATISTICS SYMEOLIC WIER S8

This “EXP(“ is the calculator’s notation for

Y =1-e>**"* which then changes to Y =2%. 52t
Fit2: mzx+b L ]
EMTER LUZER DEFIMED FIT
[ EDIT |»*CHE] % | [ EHOK] EVAL |

Checking the key shows that the correlation is unchanged at 0.9058
even when the new equation clearly fits the data perfectly.

The value of Re1Err on the other hand has changed from 0.09256 for the
linear fit, to a value of zero for the exponential model.

: . : EENE STRATISTICE SYMEDLIC VIEW S8
The alternative to using RelErr is to graph =1: 01 LHEC2 s

column C1 against Tn(C2) which also Fit1: MR

. 52
straightens the data. Fit2: me¥+h v

EMTER USER DEFIMED FIT
ENT [WwCHE] 8 |  [SHOKW] EVAL |

‘Linearizing’ will cause problems if some of the data points are outside the
domain of the function you use, such as negative values in a log function.
On the other hand, you have far more control if you are able to choose the
exact function. For example, if you had a set of data which was derived from
cooling temperatures then you would probably find that it was asymptotic to
room temperature rather than the x-axis. The built-in equation assumes that
the data is asymptotic to the x axis and would not give a good fit. You could
get better results by subtracting a constant from the whole column first.
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TIPS & TRICKS - BIVARIATE DATA

New columns as functions of old

As with univariate statistics, you can use EEE STATISTICS SVMEBOLIC MIEW S5
functions of old col ts of dat SonE Cz
unctions of old columns as new sets of data. Fit1:mex+h

See the Univariate version of this section for wS2I Gl

two different ways of doing this. wFitz! [l
EMTEFE UZEF DEFIMED FIT
[EOT [wCHE] & | [SHOW] EVAL |

For example, a set of data (C1, C2) that you suspect is exponential could be
straightened by setting up S2: as (C1,LN(C2)).

The effects of changes of scale and origin on data and summary statistics
can be investigated in this way by storing (say) -2*C2+3 into C2. You can
even combine columns in this way, such as storing C1+C2 into C3.

Using values from in calculations

It is often useful to be able to retrieve values such as the mean and standard
deviation for use in further calculations. With most simpler calculators these
values are found by pressing keys rather than reading from a screen,
so doing a calculation like ‘multiply the mean by 3.5’ is not hard. The values
shown on the screen can also be retrieved for use on the hp 39g+
relatively easily.

For example, the set of data below contains a suspected outlier (erroneous
value). In this case one might suspect a missing comma.

{2,3,5,2,1,5,3,6,7,-2, 3,5, 5, 55}

A common test for outliers is to calculate the CZ | .2 | .4
mean and standard deviation without the

presence of the suspected outlier, and then to

check whether the suspect piece of data is

within three standard deviations of the mean. 2

If not, then it is discarded. LEDIT | IH: [SORT]EIG ILVARAISTATS]

Enter the data without the suspected outlier into column C1 with the
calculator in B mode. Ensure that the SYMB view is set up correctly and
then press the key.

143



As you can see on the right, the values of the
mean and standard deviation are given in the
screen to 12 significant digits.

If we now switch to the HOME view, we can recall these values and use them
in a calculation to find the upper and lower cut off points for acceptance of
data.

m STATISTICS B

As you can see on the left, the range for fleani+3¥psley
. . 16, 2846152845

acceptance is -3.46 to 10.38, which makes the MeanE-3%PShew
value of 55 almost certainly an error. - 3. 45153846153

STATISTICS YRS &

ot Hxes
Sumbolic |Connect
Mumeric |Coord 5
Hote w|Grid w|

HOME |APLE=|HAM =|\A

There are two ways to obtain these values.
You can type them into the HOME view using
the ALPHA key, or you can use the VARS key
instead. If you press VARS and then the screen
key labeled then, assuming the
Statistics aplet is active, you will see the view
above right. Scroll down to the Stat-One

SRR STATISTICE VARS B
Hote &

variables and then press the right arrow. This Ma2

. . . L Sketch Meanz
puts you in the list (see right) of univariate =T ot o |Median o
summary statistics. If you highlight one and St at—Two [MinZ ¥

press ENTER then the variable name will be HOHME [APLE=|HAH s[VALUE[CHMIL] 0K
pasted into the HOME view for use. People
often find it easier to simply type them.

Calculator Tip

The values of the mean and standard deviation retrieved
are those of the last set calculated. If you have more than
one set of data in the NUM view then firstly unf&l®Id all

except the one you want, and secondly press the
key in order to force a calculation of the values you want.
This ensures that the ones you retrieve in the HOME view
are the ones you want.

This technique can also be used for bivariate data in exactly the same
manner. You should ensure, as per the note above, that only the set of data
you want to use is Elillded and that have been displayed for it.

All the usual values are retrievable, with the exception that there is no way to

provided to retrieve the coefficients of the line of best fit, since they appear in
the SYMB screen rather than the screen.
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Coefficients can be obtained from the chosen fit model algebraically. The
function PREDY from MATH gives a predicted y value using the last line of
best fit that was calculated. This means that you must use the SYMB view to
ensure that your set of data is the only one EllIded and make sure SYMB
SETUP is set to the correct fit model, and also use the PLOT screen and the
key to ensure that your set of data was the last one graphed and that it
has had its curve of best fit displayed. Until the curve has been displayed, the
coefficients are not available or, worse, might belong to another data set.

If the line of best fitis y=m* X +b (see the SYMB screen) then the
calculations shown below and right will give the slope and y-intercept.

RS STATIZTICE STMEOLIC VIEM

PREDY(0)=m*0+b 51501 Cz
=b #Eétl: ... e Ly
and PREDY(1)- PREDY(0) = (m*1+b)—(m*0+b) Fi+.,2= m*E+b ¥
=m+b-b EMTEE UZEE DEFIMED FIT
3 EDIT [« CHE] & ZHOKW | EYAL
=m FAD| ZTRTIETICE
FREDY (&2
Finding Fit Coefficients PREDY (13 -FREDY c82
Linear - m*X+b ZTOk
b = PREDY (0)
m = PREDY (1) -PREDY (0)
Logarithmic - m*LN(X)+b
b = PREDY (1)
m = PREDY (e)- PREDY(1)
Exponential - b*EXP(m*X)
b = PREDY (0)
m = LN(PREDY (1) /PREDY (0))
Power - b*X"m
b = PREDY (1)
m = LN(PREDY (e) /PREDY (1))
Quadratic - a*XM2+b*X+c
a = (PREDY(2)-2*PREDY(1)+PREDY(0)) /2
b = (PREDY (2)+4*PREDY (1) -3*PREDY(0))/2
c = PREDY (0)
al [0 0 1" [PREDY(0)
or, |bl=|1 1 1| x| PREDY(1)
cl |4 21 PREDY(2)
Cubic - a*XA3+b*X"2+cX+d
al] [0 0 0 1" [PREDY(0)
b 1111 PREDY (1)
= X
c|l |8 421 PREDY(2)
d| |27 9 31 PREDY (3)
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Correct interpretation of the PREDX function

The PREDX function in the MATH menu simply reverses the line of best fit.

For example, the equation Y =0-8199X +1-1662 earlier would use
< - (Y -1.1662)

to predict the X values.
0.8199

Whether this is mathematically correct depends on how you interpret the
PREDX function. If, as HP intended, you interpret it to mean “give me an x
value which, if used in the PREDY function, would give me this y value”, then
it is correct. However, it should not be interpreted to mean “predict an x
value based on this y value”.

It should not be felt that the hp 39g+ is unusual in this interpretation. Most
calculators’ equivalent of the PREDX function behave in the same manner.

The reason for not using the second interpretation is that the results it gives
would then be incorrect. The line of best fit (unlike the correlation) changes
as the independent and dependent variables swap roles and can’t be simply
reversed in this way.

EEE STATISTICS SYMEOLIC VIEW 558
s1:C1 C2
Fitl:.2199344592335.,

» 52 N 1

wFit 2! . 74747474 747s. »

2
S,) ENTEF INDEPEHDENT _
While the value of S, will not change if the LENT [ chkl__L_|sHIHEVAL

The formula for the slope b in the line of best

fit y=a+bx is given by the formula: b=—=

roles of independent and dependent columns are reversed, the value of
(SX)Zon the bottom means that this formula will give a different value if you

change which column is regarded as x (indep.) and which as y (dependent).
This different value for b will also mean a different value for a and these will
not be the values which would result from the simple inverse function.

If you truly wish to predict X values in the sense of the second interpretation,
then you should change to the SYMB view and enter a new data set S2 which
uses C2 and C1 in reversed order, avoiding the need to re-enter the data.

EADEG] HOME s
FRED=CS
Now use PREDY rather than PREDX. As you S -Ta=1-Tg=1-Ty=1-Ty
. FEELY(S2
can see in the screen below, the result of 4, 997979779
PREDX(5) with C1 vs. C2 is not the same as
PREDY (5) using C2 vs. C1. [zroe] [ [ [ [ |
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Assigning rank orders to sets of data

It is occasionally handy to be able to assign rank orders to a set of data. You
might be running a Quiz Competition Night, or recording times for the 100
meter sprint, but in either case it is handy to be able to sort the data into
descending order and assign rankings. This is easy for small sets of data,

but becomes difficult for larger sets.

Let us assume a set of 20 competitors in the 100 meter sprint, with times
recorded to two decimal places, and competitors numbered 1 to 20. Suppose

that the results were as shown right...

Enter the competitor numbers as column C1 and the
times in column C2. I’'m going to assume here that the
competitor numbers also run from 1 to 20 but this may
not be the case. In addition to this, put the numbers 1
to 20 into column C3 also. The can be a bit tedious to
type in for lists longer than 20, so you could use the
expressions MAKELIST(X,X,1,20,1) lkcl and
Cc1IC3 to shortcut the process, replacing 20 with
whatever is needed. Make sure that the Elildd option

is selected. C1 cz ] Cd
12.23 |1 SRR
11.47 |28
The result should look .31 3
like this... nEEE
1
| EONT | 1M [ 20RT | EIG [BYARE|ZTATE]

Now position the highlight on column C2 and press the
EI3d key. In the SORT SETUP screen (shown below
right) enter C1 as the Dependent column. This will
have the effect of pairing columns C1 and C2 and then

Competitor | Time
1 12.23
2 11.47
3 11.34
4 12.87
5 12.23
6 11.30
7 10.51
8 11.34
9 11.46
10 12.34
11 12.23
12 11.50
13 12.01
14 11.97
15 12.05
16 12.87
17 12.02
18 12.52
19 11.37
20 10.75

sorting column C2 into ascending order, re-
arranging column C1 to reflect the changes.

YORT ORDEE:

# TORT XETUP

Ascending

When ready, press IEIAll. The results of this
sort are shown right.

The final column C3 has not been re-arranged.

With a few alterations, it contains the rankings.
Looking down the column it can be seen that
there are two values of 11.34 (the 4™ and 5").
Their ranking should therefore both be
changed to 4. Continuing this process down
the length of column 3 will produce the
rankings for the whole 20 competitors.

147

INDEREMDEMT: 2
DEREMDENT:

CHOOSE DEPEMDENT COLUMM

[ JcHons] | JeAMGL] Ok
n| Ci [ Cz | C= [ C4
17 1 R
g2 . a
3|8 11.3 F]

Ylg 11.34
513 11.34 |5
)19 11.37 |

16.31

E0IT | ING [ SORT| EIG [2VARS|STATS]




Using Stats to find equations from point data

eg. 1 Find the equation of the quadratic which
passes through the points (1,5), (3,15)
and (-5,71).

In the Statistics aplet, choose Bl mode and
enter the data. Now change to the SYMB
SETUP view and choose the Quadratic data
model.

[ L= g

w3

FORT | EIG [2VARE|ETATE

ZTATIZTIC: SYMEOLIC SETUP
AMGLE MER:URE: Radians
s1FIT:[ENEERRA s2FIT:L i near
HFIT:Linear HFT:Linear
55FIT:L i mear

CHODZE ETATIZTICE MODEL TYPE

Change to the PLOT view using the VIEWS
Auto Scale option and press the key.
Don’t worry that the scale is not good because
we don’t care about the graph. It only needs to
be drawn in order to calculate the fit equation.

Z00M |TRACE]| GOTO | FIT =| DEFM |MENU

Finally, change back to the SYMB view and see
the equation, pressing EIIM if necessary.

F1t2 m¥X+h v

EMTEF UZER DEFIMED FIT
EDIT v CHE| W

FHOK | EVAL

eg. 2 A population of bacteria is known to follow a growth pattern governed
by the equation N =N,* ;t>0. Itis observed that at t = 3 hours, there are

100 colonies of bacteria and also that at t = 10 hours there are 10 000
colonies.

(i)

(ii)
(iif)

Find the values of N, and of k.

Predict the number of bacteria colonies after 15 hours.
How long does it take for the number of colonies to double?
n| C1 Cz C2 C4

1 1o e

g Lo

DD | MDD

EEME STATISTICS SYMEOLIC SETUP S5
ANGLE HEHEIJF:E Eadian=s
32FIT:Linear
YFIT:Linear

(i) Find N, and k. =, : 3
| EDIT | 1N | Z0RT | EIG EE[INE L1near‘
ISFIT:Linear

CHOOZE STATISTICS MODEL TYPE
[ Jowoos] | | | |

Start up the Statistics aplet, set it to Blillld and enter the data given. Change
to the SYMB SETUP view and specify an Exponential model for the data.
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Either use the VIEWS Auto Scale option, or
change to the PLOT SETUP view and adjust it
so that it will display the data. This is not really
needed, since the line of best fit is what we
need and it will be calculated even if the data
doesn’t show.

Now change to the PLOT view and press IZI.
Wait while the line draws.

Change to the SYMB view, move the highlight
to the equation of the regression line and press
EI¥. Rounded to 4 dec. places, this gives an

equation of N =13-8950e”®™" .

(i) Predict N for t = 15 hours.
Change to the HOME view and use the PREDY
function or use the facilities in the PLOT view.

Result: 268 269 colonies.

(iif)

Find tsothat N=2N,.

The value of N, is the y intercept of the line of

best fit. These values from the curve of best fit
are not directly accessible but can be retrieved
using the PREDY function (see page 145). This
is shown in the screen shown right. Store the
results into memories A and K. This saves
having to re-type them from the ELIN® screen.

Now switch to the Solve aplet and enter the
equation to be solved. Changing into the NUM
view, you should find the values of A and K
already defined (that was why we stored the
curve values into the appropriate memories),
so move the highlight to T and press EI&I3.

Result: Doubling time is 1.0536 hours.
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FENYEE STATISTICS PLOT SETUP
#iMG: I 12
YEHG: — 1 EHER 11686
SIMARK: & SBMARK: & SIMAKK: 4
SUMARK: 2% SSMARK: 22

ENTER MINIMUM HORIZOMTAL YALUE
EMT] | PRGEW [ | |

13. 8949549437 EXP[ . 657

IELCTH I N B N .

FEADE) (A E

A+EB+C
2. 2962962963
FREDY <152
ZEEZE9, 579528

HOME

EEADEG| HOME A |

FEEDY C@2 kA
13.8943549437

LHCPREDY 12 #PREDY (H2 2.,
- 657E81455139

IESTTN I I I B

SRS SOLYE SYMEOLIC YIEW 3
wE1:H¥e™CkETi=2%H

E3:

Ed:

ES: L
[EOIT W cHk] = [ [ZHOW[EVAL |

% SOLYE MUMERIC WIEW
13.8949542437
P WBarEgld4as139

1. O52e849:2

EMTEE VALUE DR PRES: ZOLVE
EDIT [INFOD | |  [DEFM [SOLVE]




THE INFERENCE APLET

This aplet is a very flexible tool for users investigating inference problems. It
provides critical values for hypothesis testing and confidence intervals, and
does this not only quickly but in a visually helpful format.

Before we look at the Inference aplet in detail | am going to take a small
digression to look at a simple inferential problem which can be solved using

only the Statistics and Solve aplets.

“Four coins are tossed 400 times and the number of heads
noted for each toss. The results are shown below. Using
the Chi® test at a 5% level of confidence, indicate whether

the coins may be biased.”

Number of heads | O 1 2

3

Frequency | 32 | 112 | 158

90

|~

We would expect that for an un-biased set of coins the distribution would be

binomial. Our hypotheses are:

Ho: The number of heads is binomially distributed (n=4 & p=0.5)
Ha: The number of heads is not binomially distributed (n=4 & p=0.5)

Begin by entering the data into the first two
columns of the Statistics aplet (right).

We now need to calculate the expected values
based on our null hypothesis. We can do this

in the HOME view using the calculation shown

right (and below), inserting the results into
column C3.

400*COMB(4,C1) *.5AC1*.5A(4-C1)¥C3

We can now calculate the X? value using the

calculations shown right, which places the

individual values into column C4 for inspection

if required.
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RAD] ETATIETICE

HEECOMEC4, C1 2%, 2 C1#%..
{25, 188, 156, 168, 254

WJE, 2701, 570401 L3
(stoel ]

ETOk

RAD) ETATISTICE 4
LC2-Cah e CakCd
1.9, 1. 44, . 4260660660,

ELIST (G4
16, SHEEEEEEET]
T Gl ] CZ [ L= [ .4
1 32 25 1.96
2 112 100 1.44
I 158 150 .Y2eaa7’
q(3 i 100
5[4 -] g5 11.56




The values can be seen by changing to the NUM view.

In the MATH menu, Probability section, there is SOLVE SYMEOLIC VIEK

a function called UTPC (Upper-Tailed W
Probability Chi-squared) which will give the E3:

critical X? probability for a supplied number of E4:

degrees of freedom and a value. See page £33 ¥

283. In this case we would like the value for a
given probability so we will enter the formula into the Solve aplet.

Change to the NUM view, enter the known b :1@5
parameters of D=4 and P=0.05, and for v [
the critical X value.

EMTEFE WALUE OF PREX: =OLVE
EDIT | INFO DEFM |=OLYE

Since our value of 16.387 is larger than the critical value of 9.488 we
conclude that we must reject the null hypothesis and judge that the observed
values do not follow this binomial distribution and hence that the coin is
probably biased. This does not say that it is not binomially distributed; just
not with those parameters.

As can be seen from this example, the Statistics and Solve aplets can be
used for simple problems, particularly in cases where working is required to
be shown. For more complex problems the Inference aplet provides more
powerful tools.

Hypothesis test: T-Test 1-u

A company makes boxes of matches which
are supposed to contain an average of 50
matches. A student has counted the contents
of 20 boxes and found the results below.
Using a 5% confidence level, decide whether
the claim is correct.

47, 50, 52, 51, 53, 51, 49, 49, 52, 53, 54, 48, 53, 55, 52, 54, 54, 53, 48, 48

Enter the data into the Statistics aplet then change to the Inference aplet.

151



Choose the test and the alternate hypothesis in the SYMB view of the

Inference aplet.

In this case we are working with a single
sample and we do not know the standard
deviation of the underlying population, so we
will use the Student-t test and the alternate

LT HYFOTH: 2 8

Choozg daztribution statiztic

hypothesis that the mean of the real underlying population from which the
sample was drawn is not equal to that of the proposed underlying population.

Change now to the NUM SETUP view to enter
the required values. Rather than entering
them by hand, press the key. If you
have more than one copy of the Statistics aplet
(under other names) then you will be

W?MF TTAT WUMERIC SETUP B
% Ve vroRt FROm..
IEHSt 5t istics

o .Rélated zets
Coin To=s=sing
[LaHp Le Hean

CAMIL] Ok

presented with a list of aplets from which to choose.

Once you have chosen the aplet, you need to
nominate the column from which to import the
data. The default is column C1, which is what
we want in this case, but you can press the
[LTTH key to select from a list of any other
columns which contain data. When you have
the correct column, press IFT4l.

Enter the population mean p, = 50, and check
that the test level is correct at 0.05 (5%).

If you now change to the NUM view you will see
the inferential data in numeric form. The test
Student-t value is given as 2.392 and the
probability of obtaining such a value as 0.0272.
The critical t values for this test level of 5% are
given as + 2.093 and the critical boundaries for
the sample mean as 48.86 and 51.14.

The same information can be seen in a more
visual form if you change to the PLOT view.
The upper diagram shows the critical range for
the t values, while the lower horizontal line
shows the equivalent critical sample mean
range.
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n: 28 w: S

«: [EEI

EaaniFicancg Laugl

EDIT HELP lIMPRT

IMF 5THT MUMERIC VIEW
Fieject HO AT o=, BS
Test T=2, 392427
Frob= , H2722E03TY
Critical T=+2. H936:24
Critical 23={ 43, 86,51.14%

HELP

Sample t value is
outside rejection
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1] | "
-2.09302Y4 £CRIT. T# 2.08930a3y
Test T=3.2534yar
#=61.7
'-IE.|EEEEEI {-EF:IEle L 51.13?|E|1
|
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The test value for the Student-t and the sample mean are listed in the middle
of the screen and the rough position of these values is shown by a vertical
line in both the upper and lower diagrams. The regions for rejection of the
null hypotheses are shown at the very top of the screen by the ‘«R’ and
‘R>".

We assume, by statistical theory, that the distance (X— ) is normally
distributed. If the null hypothesis is true then the mean of this new distribution
should be zero. Our result is indicating that our particular value of ()_(—,u) is
of such a size that if the null hypothesis is true then the probability of it
appearing by chance is less than 5%.

In this case, whether you work from the PLOT view or the NUM view, it is clear
from the evidence that the null hypothesis should be rejected, with less than
a 5% chance of this rejection being incorrect. The alternate hypothesis that
the mean is not 50 should be accepted. Of course in this case, despite some
boxes containing less than 50 matches, the actual mean seems to be above
50 so we can hardly condemn the company for putting more matches in the
boxes than they need to!

Confidence interval: T-Int 1-u

In the previous example we found that the evidence of our sample indicated
that the mean number of matches in the boxes was not 50. Suppose we now
want to know, at the 95% confidence level, within what range of values the
true population mean lies.

IMF ZTRT ZYMEDLIC YIER e

Change back to the SYMB view and [IIH the ::::'m HEF.:'-.-'HL
method of Conf Interval. The type of interval is ' L
converted to the similar type of T-INT: 1 4.

Chooze an anFerential Hethad

IMF_ETRT MUMERIC SETUP 3550

In the NUM SETUP view use the import facility :
as before to import the values from our sample Fx: 2. 4288747227
data. The default confidence level is 99% so i oH

you will need to change that to 0.95. 9D

[FaHp e H2dn

EDIT HELP lIMPRT
........... IHF STAT MUMERIC VIEH

Changing to the NUM view gives the minimum =
and maximum values for the population mean E“‘*;‘::J;%%' ?E%E%‘*
of 50.16 to 52.44 at a 95% confidence level. wonax =52, 43731

HELP
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As before, a more visual display can be seen
in the PLOT view.

0

T

Thus the sample data indicates in our two
examples that:

-2.093084 CRIT. T3+ 2.09302Y
5016869 + EE{ EI-:| 3 §5a.y3qal

T

= we can be confident the average number of matches is not 50 with

less than a 5% chance of being wrong, and

= we can conclude, with a confidence of 95%, that the true average

number of matches is between 50.16 and 52.44.

Hypothesis test: T-Test u;-u2

Weights

A farmer compared the 15-day mean weight of two Supplement A_| Supplement C
sets of chicks, one group receiving feed supplement A 57 89
and the other supplement C. Twenty two chicks only 120 30
one day old were assigned randomly to the two 101 82
groups. To distinguish between the two groups of 137 50
eleven, which were caged together to minimize other 119 39
influences, the heads of the chicks were stained red 117 22
and purple respectively with a harmless vegetable 104 57
dye. The individual weights were recorded in the 73 32
table to the right. From the means at the bottom of 53 96
the table it appears that supplement A produces a 68 31
higher mean weight. The farmer wishes to know, at 118 88
the 1% test level, whether this is statistically X =97 X =56
significant. o, =27.75 | o, =26.54
Our hypotheses are:

Ho: The effects are the same (1, = 1,)

Ha: Supplement A is better (14, > 1)

-1 (=l = o}

Enter the data into columns C1 and C2 of the
Statistics aplet.
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We are dealing with two independent samples
in this case and so we need to choose from
those tests which involve two samples.

Since we know the standard deviations of only
these samples, we must again use a Student-t
test. We then change to the NUM SETUP view
to import the summary statistics.

Since the two standard deviations for the
samples are similar, and the sample sizes are
the same, a more accurate estimate of the
population standard deviation will be obtained
if the data is pooled, so ensure that this option

is FETHed.

The NUM view shows the critical values. We
can see that the probability of obtaining a test
student-t value of 3.38 is 0.0015 and this is
well below the permitted test level of 1%.

The PLOT view also shows that the vertical
line representing the value of x -%, or Ax is

well into the region of rejection indicated by
the R».

FE IMF STAT SYMEOLIC VIEH
AUNEHYFOTH TEST
YFE: T-Test: pl-p2
ALT HYFOTH: p ] p 2

hooz@ an anFerential Hethod

............ IHFDHT 5HHFLE $THT5 e
L 97 m2: O
i: 11 n2: 11
el 29, 1AEFE s02: 27 . 83523
coLukn: BRI coLukn: CZ2

Ftat iHport data colunn

.......... IHF =THT MUMERIC ZETUP Zoeied

#: 97 z2: 55

#: 29, 18670 =3: 27, 83522
ni: 11 n2: 11

w: A1 MFooled?

'Faaled" iF Checked

EDIT |+ CHE] HELP lIMPRT

........... IHF ETHT HuHEHIE IIIIEH...........
Fiegect HO AT o=, @1

Tezt T=32. 276487
Frob=, AA 1 SEAEAT 2
Critical T=2_ S27377

HELP
+*

0

CRIT. T* 2527877

Tast T=3.Z7e407
ai=Hl

CRIT. &3% 30.E97°4Y4
L] =

From the evidence we should reject the null hypothesis and accept instead
that the average weight of the group receiving supplement A is significantly
higher than those receiving supplement C with only a 1% chance of being

incorrect.
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Hypothesis test: Z-Test 1-u

A teacher has developed a new teaching technique for hearing-impaired
students which he believes is producing significantly better results. He
wishes to publish a paper on this and needs to check his results statistically.

A standardized test is available for which it is known that the normal
performance of hearing-impaired students at the same stage of study has a
mean of 53.6% and a standard deviation of 12.2%. When he applies this test
to his class of 23 students their scores are shown below. The teacher
believes that this data shows that his students are scoring significantly better
and wishes to test this at a level of 5%.

Test results:

{67, 72, 42, 50, 55, 58, 59, 38, 45,53, 77,57, 52, 69, 50, 55, 59, 68, 62, 63, 53, 56}

I L2 [855] [ )
1 e T e
Enter the data into column C1 of the Statistics g [45
H|54
aplet. 5 |55
b |5H
. =
Changing to the Inference aplet, we choose a s IHE STAT STMEOLT VIEH
Hypothesis test using Z-test: 1 4, since we JACHHYPOTH TEST
know the population standard deviation. TYFE: Z-Test: 1 p
LT HYFOTH: p o p @
The hypotheses are: Chooze an inferential Hethod
A T T I (N I

Ho: The sample is drawn from a population whose mean is the same as
the standardized population (u = 4,).

Ha: The sample is drawn from a population whose mean is larger than
that of the standardized population (x> 4,).

.......... INF STRT MUMEFRIC SETUP S

EEE IMPORT FROM.., S5
st atistics
Change to the NUM SETUP view, you can use Eg%ﬁt ?ggg?ﬁg
the import facility to import the summary e anp e mean

statistics from the Statistics aplet.

............ IFPORT ZAMPLE STRTS corii:
E: Se. 21818
i: 22

LU :

gt iHport 4ata CaluHn
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Enter the values for the mean and standard
deviation of the standardized test, and the
significance level of 0.05 (5%).

If we now change to the NUM view we can see
that the test z score is less than the required
critical z*, and the probability of obtaining a
mean of the value found is 0.1080, which is
larger than the required test value of 0.05.

In the PLOT view, we can see visually that the
vertical line representing the sample mean is
not within the region of rejection marked by the
R-.

.......... INF STRT MUMEFRIC SETUP S

2 Se,.21818n: 22
w: 53,5 mo 2.2
FaianaFicance Leugl

EDIT HELP |IMPRT

........... HF STRT MOMERIC VIEW e
fccept HO AT o=, BHS

Test 2=1,237263
Frob=, 1873947
Critical 2=1. 6443254
Critical 5=57.27234

HELP

R

CRIT. 2% l.644854
Tast 2=1.337362
R=0E. 81818

Id

CRIT. 5%_57.87B34
-

HELP

From the evidence the teacher must reject the alternate hypothesis and
conclude that it is not possible to say at the 5% level of significance that his
class has averaged significantly higher than the standardized population from
which the test was drawn. He should re-think his proposed paper or his new
teaching method. Alternatively, from the diagram in the PLOT view it seems
that his mean is not far from being significant. Perhaps he simply needs to
collect more data in the hopes that this may back up his view. The result he
has obtained is, after all, only a probability and further investigation may give

a different view.
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TIPS & TRICKS - INFERENCE

Importing from a frequency table

The import (R facility of the Inference aplet has a small weakness in that
it can’t import from paired columns defining a frequency table.

For example, suppose we use columns C1 and
C2 to define a frequency table, ensuring that it
is registered in the SYMB view as shown right.

If you now change to the NUM SETUP view of
the Inference aplet and try to use the import
facility you will find that you can import the
mean and standard deviation from either
column C1 or C2 but not from both at once.

What’s needed, of course, is a way to expand
the paired frequency table columns into a

nl L1 L2 [05] [ )
110 g P
2|11 12

3|12 ch

4113 18

5114 5

FORT | EIG |[1VAR®|ETATE

FEZTATIETICE SYMEODLIC WMEH Sy
A H1:C1 cz
Hz: I 1
1-Yak H1

NI
TOTEZ
MEAME |1
PUAREE |1
VAR (1.
PE0EY ]1.
2=

single column listing all values. The program shown below will do this for
you. ltis set up to take a frequency table defined in columns C8 and C9 and
convert them into a single column stored in column CO. The program uses
columns 8, 9 & 10 because there is seldom data in them.

To create it, go to the Program Catalog view and press the IEIZXN key.

Enter any name you want, such as ‘CCreate’.
: : CCREATE PREOGRAM 355

1= ERASE:

OF I=1 TO _SIZECCSa;
FOR J=1 TO_C3cIa;
CeclapCHCIDS

DISF _¥iZ:

ZH1RER

EHC =

“TOk |SPACE| & PRGE

A |EREP

We’ll now use this program to expand the
frequency table | built earlier. The first thing
we need to do is to move columns C1 and C2
to C8 and C9. Rather than re-typing, this can
be done in the HOME view as shown.
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Now type in the code below.

ETATIZTICE
T18s 114124130145
{0, 12,26, 18,53
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ETOk



Now change into the Program Catalogue
and M the program you created. Assuming
that it has no errors you will see a running
count as it creates the new column. This is

just to give you something to watch while it 23
works.
o] Cr | T2 [ C2 | (@
1 || 10 5
) L 2 11 12
If you then change to the NUM view you will find | 3 12 oe 1
that column CO contains the result. z RN (- |
5]

You can now import that column’s mean and standard deviation into the
Inference aplet. After you have used the column you will probably also want
to delete columns C8, C9 and CO to save space.

Bear in mind that if you use this program to create a column containing
hundreds or even thousands of values then the program will take a long time
to complete. It might be easier to use the Statistics aplet to calculate the
required mean and standard deviation in the normal way and then enter the
values into the Inference aplet either by hand or by using the VARS menu.
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THE FINANCE APLET

This aplet is designed to allow users to solve time-value-of-money (TVM) and
amortization style problems quickly and easily, as well as ordinary compound
interest problems.

Compound interest problems involve bank accounts, mortgages and similar
situations where “money earns money”. TVM problems involve the use of the
idea that the value of money changes with time - a dollar today is worth more
than the same dollar some years from now. For example, that a dollar
invested today can generate more money than the same dollar invested later.

The calculator manual contains a lengthier ## TIME VALUE OF MOMEY

explanation for those who need it, as does any |, % Itk @

high school or college textbook. PMT: @, BE PR 12
FY: B, 68 End

ENTER WO. OF PAYMENTS OF SOLYE
ENT| | FAMORET W]  [SOLVE]

When you the aplet you will see the
initial view shown right.

Pressing SYMB, NUM or PLOT will make no difference to this aplet as it is quite
limited and only has the one view, consisting of two related pages.

Parameters

There are a number of parameters or variables which must be either supplied
or solved for. These are:

N - The total number of compounding payments or
payments.
Mode - This has the value of Beg(inning) or End depending on

when payments occur relative to the compounding
periods - at the beginning or the end.

P/YR - The number of payments per year.
I%YR - The nominal interest rate or investment rate per year.
This is then divided by P/YR to find the nominal interest

per compounding period. This is the rate actually used
in the internal calculations.
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PV - This is the present value of the initial flow of cash. In a
loan, this is the amount of the loan. In an investment,
the amount invested. PV is always the amount at the
start of the first period, however long that may be.

PMT - This is the size of the periodic payment. The
assumptions made are that all payments are the same
size and that no payments will be skipped. Payments
can occur at the beginning or the end of a compounding
period, depending on the setting of Mode.

FV - The future value of the investment or loan. This could
be the amount in a bank account after a period of years,
the residual on a lease, the amount still owing on a loan
after N repayments, or the remaining value of an
investment which has been paying income as an
annuity.

When using the aplet is it important to visualize the cash flow in terms of
positive cash (inwards) or negative cash (outwards). This can be illustrated
simply via the following example. Always bear this principle in mind when
deciding how to plan your setup of the aplet.

Straightforward compound interest

Invest $1000 into a bank account paying 6.5% per annum
for 5 years. Interest is calculated monthly and credited to
the account at the end of each month. What is the
investment worth at the end of the period?

TIME YALUE OF MOMEY 3

Looked at from the point of view of the person N BB lzvR: 12
investing the money, the cash flow is initially e élégaa S .

outwards (negative) by $1000. The final Fu:
payment is inwards (positive) and no payments |ewrter FuTure vALUE DR sOLvE
(withdrawals) are made during the period of [E0T] | AMORT®]  |SOLVE
the investment. Five years of monthly payments means that N is 60. The view
on the right shows the problem on the calculator. The button has been
pressed to give a future value FV of $1816.70.

End

Calculator Tip
As can be seen above, the designers of this aplet chose to
display money to 2 decimal places and using comma

separators. This choice is independent of the settings in
the MODES view. When entering values do not use
commas as they will simply result in a syntax error.
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Annuity

An engineer retires with $650,000 available for
investment. She invests the money in a portfolio which is
expected to have an average return of 5% per annum.
She wants to have the account pay a monthly income to
her and asks the accountant to assume that the income
must last for 20 years. What income can be withdrawn?

The PV for this problem is negative because, WHEEETIME VALUE OF MOMEY

from the point of view of the engineer, the . ?gga Ea'é“'“,:ag

money flow is outward from her to the PHT:m PovE: 12
investment portfolio. The value of the regular F: @, @6 End
payment, which has been solved for on the ﬂﬁﬂ
right, is positive as it is being paid from the A —

portfolio to her. We also assume that the future value FV is to be zero since

the income is only to last for 20 years. On this basis the monthly annuity can
be $4289.71

Loan calculations

You wish to purchase a car by taking out a loan. The
current interest rate is 6.5% and you can afford to make
monthly payments of $300. You want to take out the loan
over a period of 6 years and to still owe $10,000 at the
end of that period (you expect an investment to mature at

that time to pay the final amount). How much can you
borrow?

In this case, from your point of view, the 2
payments and the FV final residual are H:

TIME YALUE OF MOMEY 3

2 2V 6. 5
. . . Pu: e el P
outgoing (negative) since they are made to the |pmr: -3@_ T PAYE: 12
bank. We have pressed BT to find the PV Fi: —-18, 800, 6@ Erd
and this is the amount that can be borrowed. It |ENTEE PEEENT WALLE OF :OLVE
will be positive since it is paid to you. In this LT L__L_AHIET Y L___:0LVE

case it is clear that you can afford to borrow $24,624.29.

162



Amortization

The second page of this aplet allows amortization calculations in order to
determine the amounts applied towards the principal and interest in a

payment or series of payments.

Suppose we borrow $20,000 at an interest rate
of 6.5% and make monthly payments of $300.
The initial situation is as shown in the screen
on the right.

Press the button to change to the
amortization screen. The initial appearance is
as shown. As can be seen, the default number
of payments to amortize over is 12.

Pressing the button will amortized the
loan over the first year. As can be seen right,
$2,369.77 has been paid off the principal,
leaving a balance of $17,630.23. Of the
payments made, $1,230.23 went towards the
payment of interest.

Pressing the L button will transfer the
balance back to the previous page as the new
value of the PV.

At this stage you can amortize again for
another 12 months as shown right. This can be
continued indefinitely.
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N | ¥R B S
PY: 2@, BEA, B8
PMT: - SEE. BE PMYE:
FY: B, @4 End

EMTER WO. OF PAYMEMT: PER YERF
ENT] | AMORTW] | |

MORTIZE 335

PRYMEMTE
PEIMCIPAL:
IMTEREST:
ERLAMCE:

EMTER WO. OF PAYMENT:S TO AMORT
ENT]  [a& T¥M  |E+PY [AMOR]

PAYFMEMTS:

PRIMCIPAL: —, 359,77
IMTEREZT: -1,228.232
EALAMCE: 17,630,232

EMTEE MD. OF PAYMEMTS TO AMORT
EDT| & TeM __ [E+PY [AMOR]

=% TIME VALUE OF MOMEY

H: CEI  svR 5.5

Py: 17 636,23

PMT: - 3HHE . BA PMR: 12
Fv: B, B8 End

ENTER WO. OF PAYMENTS OF SOLYE
ENT| | FAMORET W]  [SOLVE]

PAYFMEMTS:

PRINCIPAL: -2, S28. 45
INTERE:T: -1,H71.52
EALAMCE: 15, 181.75

ENTER WO. OF PAYMEWTS TO AMORT
ENT| & TeM  [E+PY [AMOR]




THE QUAD EXPLORER TEACHING APLET

Rather than being a multi-purpose aplet, this is a teaching aplet specialized
to the single use of exploring graphs of quadratics.

Objectives

Using the Quadratic Explorer aplet, the student will investigate the behavior
of the graph of y=a(x+h)*+v as the values of a, h and v change. This can be

done both by manipulating the equation and seeing the change in the graph,
and by manipulating the graph and seeing the change in the equation.

Press to see the main screen of the Ll \\ /( %E;ﬁm

aplet, shown right. This aplet has only the one

. &t
screen, rather than the usual PLOT, SYMBand [ [ . [T
NUM views. If the aplet has been used before |11 1111 Bk @

then it may be necessary to press the
screen key to go back to the opening view.

The first choice made by the user should be —TT T
the MAMAN. The default level is that of e \\ /( SN -
Y=a(X+h)?+v , which allows the student to £ 3t 1+

change all parameters at once. By havingthe | ::::1:: " pEck o
student choose the levels of Y=aX?, Y=(x+h)?
or Y=X%+v, the teacher can confine the study
to the effects of only one coefficient at a time if desired.

The default state for the aplet is to be in HIIH
mode. In this mode the student uses the keys
listed below to control the appearance of the
graph, with these changes reflected SRR DIsCF 16
automatically in the two equations on the right
half of the screen. The original y=x? graph is
kept on the screen (dotted) for comparison and a grid is supplied to allow the
user to see movement more clearly.

The control keys (listed onscreen) are:

™l >«  moves the graph in the obvious way.

+and - cycles the value of ‘@’ in y=a(x+h)*+v through
the values 0.1,0.2,0.3,0.5,1,2 & 5.
(-) (the ‘negative’ key) changes the sign on the

a’ coefficient turning the graph upside down.
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As can be seen in the screen shots right, the
bottom half of the screen shows the roots (if
any), the value of the discriminant and the
equation in the form y=ax?+bx+c.

‘\‘ Flle sy 4™

.. ]'-Uu'[ ..... Y=gi"g+BX+h
LI A, DIECK 16

The key labeled [EISE changes the ‘step size’ of the movements on the
screen. Possible values for the increment are 0.5, 1 and 2.

Pressing SYMB on the calculator, or the screen
key labeled BRI will change the emphasis
from the graph to the equation in the right hand
half of the screen. Pressing PLOT on the
calculator, or the key labeled [HILH will
change the emphasis from the equation back
to the graph.

_.'.. s & .T\. _1_
. ]'-uu'[ ..... Y=gi~gd+Bi+6
AL DISCE 15

: ‘\‘ o S W

In Bl mode the student can change the coefficients directly and see the

changes reflected in the graph.

For example, on the screen shown below, the
‘v’ coefficient is highlighted and can be
changed using the T and | keys. The size of
the changes to ‘h’ and ‘v’ is controlled by the
[T key, and the same range of values is
available for the values of ‘a’ as in HidiQ

. gL .. T=- Enearantl

.. .. YDISCE B
---------- #1=Y.4494Bg7yaFE
. B ERERE Ha=- 4yyayearyare

EYHEm|GRPH |IMC

mode. You can move from one coefficient to the next by using the

— and <« keys.

As with the HIdIH mode, the equation in
y=ax*+bx+c form, its roots and its discriminant
are shown on the right half of the screen.

The sequence of three screen shots right show
how the axes automatically re-position to allow
a larger range of values to be explored. There
is a limit to how far the graph can move.
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The + and - keys are disabled in BllIEd mode,
since their effects are controlled instead by the
T and { keys once the highlight is on the ‘a’
coefficient. The (-) key controls the sign of ‘a’.

TEEHHII:I"‘EHII \

The final key is labeled I This key will present the student with a series
of graphs for which they must supply the equation. The type of graph is
governed by the current setting of MI3IEN. For example, if the current setting
of was at Y = X2 +v then the test graphs would also only use the v
parameter instead of a, h and v simultaneously. The setting of @338 can be
changed within the screen using the key supplied.

There are two levels of ‘questions’ denoted by the keys [ and [EHE on
the screen. An EiERL question will be in the

main screen (-5 to 5 on each axis), whereas a |t ]U’ I S :waiﬁm
(AW one can be anywhere in the larger LY S

screen (see right). The setting of 3R also D D
affects the difficulty of the question. The firstis | ... ...
always @E but you can substitute another
by pressing EEL or (LTI

In IIEE mode you must use the arrow keys to
change the parameters ‘a’, ‘h’ and ‘v’ until they
match the graph shown. The accuracy of your kil QLD I UL L RLE

answer can be checked by pressing the key j ]U! N RRR W

labeled EIAXH, which appears as soonasyou |-t i1:000:

begin to change the values. The number of R Trg &2
attempts is monitored and displayed. ool N Incarrect
..........

An incorrect answer is shown as an ‘animated’ graph on the screen when
you press [MIAH], flashing repeatedly between the required graph and your
incorrect guess. This has to be seen to be appreciated - a screen shot can'’t
do it justice. If your guess and the required graph can’t be shown on the
same screen then this animation may not be possible. If you are unable to
find the answer, pressing EIXEHY will display the correct parameters.

When you are successful, or when you give up, press either EIEL or [T
for a new graph, or IEXIl to return to the main screen.

If you go to HP’s website you can download a worksheet for use with your
class. It takes the student through the process of deducing the effects of
each of the coefficients on the shape of the graph, requiring them to record
their answers in writing.
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THE TRIG EXPLORER TEACHING APLET

Rather than being a multi-purpose aplet like most of the others covered so
far, this is a teaching aplet specialized to the single use of exploring the
graphs of trigopnometric functions.

Objectives

Using the Trig Explorer aplet, the student will investigate the behaviour of the
graph of y=asin(bx+c)+d as the values of a, b, ¢ and d change. This can be
done both by manipulating the equation and seeing the change in the graph,
or by manipulating the graph and seeing the change in the equation.

¥= FINCHY

When the student presses BililAl, they will see
the main screen of the aplet, shown right. Like |
the Quadratic Explorer, this aplet has only one

screen, rather than the usual PLOT, SYMB and  [* Mo BT AT
NUM views. If the aplet has been used before
then it may be necessary to press the
screen key to go back to the opening view shown.

= COEiHY

The HEIA (or MEE) key can be used to .

toggle between the y=sin(x) curve and the 1'r aw . ims  Aam
y =cos(x) curve. The I (or [EHM) key can
be used to toggle between radian measure

. = COE(HD
and degree measure. The markings on the
horizontal axis adjust accordingly (see right). 4\\“
4 120 1T 5ho 120
The Trig Explorer aplet can be used in two 0z w|DEG w|ORlGE

modes:

SYMB mode - the equation controls the graph (press the SYMB key).
and PLOT mode - the graph controls the equation (press the PLOT key).

Which mode is in operation is controlled by pressing the SYMB and the PLOT
keys. The NUM key has no effect in this aplet and the aplet has no SETUP
views. The ranges for the x and y axes are preset and cannot be changed.

In both modes the original shape of the sine or [ ¥= 2=Inii.ci

cosine graph is left visible as a dotted line for f‘\\ ﬂ ﬂ f
comparison.

\/ AR
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The operation of the two modes is summarized below.

PLOTmode

W= 3xFINCL.EHY

The underlying concept in PLOT mode is
that the graph controls the equation.

The user has control of the graph via two manipulation points (see above and
below) and any changes to the graph are reflected in the equation at the top
of the screen.

=¥ axsINed. 50

Looking at the screens on the right it will
be seen that the third screen key toggles H /\/;:\ 1/
the point of control for the graph. Itisonly  [* l{/ \f
visible in PLOT mode. B0 ck TR

When in PLOT mode the graph is changed using the arrow keys. The effects
of the arrow keys vary according to the location of the control point.
= FINCH-.333m) +1.2

e when control is set to [TAED the graph
translates left and right (the c coefficient) or
up & down (the d coefficient).

W= 3=EINCA. 53

e when control is set to the graph

dilates parallel to the y axis (the a lﬂl ﬂ Jﬁl Jﬁ[ Jﬁl
coefficient) or parallel to the x axis (the b

coefficient). :_.: U U"

Unlike the SYMB mode where the b coefficient goes up or down in steps of
0.1, the increments in PLOT mode are not regular but are chosen to be ‘nice’
fractions of =. The slight difference in results is most easily seen by simply
experimenting.

SYMB mode

The underlying concept in SYMB mode is that the equation controls the graph.
The user has control of the coefficients and any changes are reflected in the
graph.

V= pEEINCAH+0TT) +0

All four coefficients are shown at the top of the
screen even when one or more is redundant. i
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The c coefficient is shown as a multiple of = in radian mode rather than as a
decimal. The currently active coefficient is highlighted and can be changed
using the up/down arrow keys in increments of 0.1 for the coefficients a, b
and d.

¥z 1=ZINCAHTY +0
CHOO:E IMCRERMEMNT FOR ©

The default increment for c is % but this can

e B
be changed using the key labeled IEKHA to - Fhré

md
either 7 or 7 . i
C(AWCL| Ok
V= 1xEINCLRHI+0
When in m mode, the increments are 200, IIHIJEEE IMCEEMEMWT FOE
30° or 45° with 30° being the default. e — <
4 |45° f
The ranges of values available for the four L

coefficients are shown below:

Coeff.| Range

a -3to 3

b 0.2to 5
C -4r to 4n
d -3to 3

If you go to HP’s website you can download a worksheet for use with your
class. It takes the student through the process of deducing the effects of
each of the coefficients on the shape of the graph, requiring them to record
their answers in writing.
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USING MATRICES ON THE HP 39G+

The hp 39g+ deals very well with matrices. It offers many powerful tools as
well as a special MATRIX Catalog with full editing facilities.

The MATRIX Catalog is entered by pressing
the MATRIX key (located above the 4). It
allows for the storage of ten matrices
(M1,m2,..M9,M0) which can be any size,
depending only on available memory. In the
example shown right, the catalogue contains
two matrices, a3 x 3 and a3 x 1. The reason
that the catalogue specifies that they are ‘real
matrices’ is that the hp 39g+ is capable of
storing and manipulating not only matrices of
real numbers but also matrices of real vectors,
complex numbers and complex vectors. The

................. HMATEIY CATALOG m%

M1 3%3 REAL MATEIY MBEE
Mz 3H1 REAL MATEIY AMIKE
M2 141 KEAL MATEIY uKE
M 181 KEAL MATEIS OKE
M5 1¥1 KEAL MATEI OKE W

EDIT | HEW

-------------- =g

Ei]] EEEEE CREATE MEM... S5 E
E
3
3

RFeal mattix
Mz |Real wector
M4 |Complex matrix
M5 |Complex vector [ o

CAMIL] Ok

K320 key pops up the menu shown on the right, replacing the highlighted
matrix with any empty one of the new type that you specify. Press SHIFT

CLEAR to delete all.

Generally only the default type ‘real’ is required and, apart from small
exceptions, only those will be covered as the behavior is not significantly

different for others.

Matrices, like most other objects on the hp 39g+, can be sent to and received
from a computer or another hp 39g+ using the EIEiI] and [I38 keys.

We'll begin by entering a matrix into the
catalogue to practice simple editing. If there
are any matrices currently in the catalogue,
use SHIFT CLEAR to delete the whole
catalogue. Move the highlight to matrix M1 and
press the key. The normal state for a

EDIT [ IM: | GO* | EIG | | |

blank matrix is to contain nothing but a single zero, which is why they all

register as 1x1 even after erasure.
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If you look at the list of screen keys on the H_ll 1
bottom of the view, you will see one labeled

EEX. This determines which way the
highlight will move (across or down) when you =
enter a number. If you press the key —

repeatedly you will see it change from @[ﬂﬂ--
(across), to (down), to I (no movement).

You will also see the usual I key, and an M
ICH key that can be used to insert an extra g
row or column into an existing matrix. The R E T Lmn
keyboard DEL key can be used to delete a row
or column.
With movement set to EHIEA, type in the . 1 _ 2 - £
numbers 1, 2 and 3, pressing ENTER after
each. Your display should now look like the
screen shot right.
[EOIT | 1M | GO [ B | | |
If you now press the down arrow key on the Ml 1 | 2 3
keyboard the highlight will move back to the i g -
first element in the second row. Enter the 3 . i
numbers 4, 5 and 6 and you will find that the
calculator automatically drops down to row
[EOIT ] IM: | GO | BIG | [ |

three without the need to use the down arrow
key again, since it now knows how many columns the matrix is to contain.
Finish your matrix so that it looks like the one shown right.

Now press MATRIX to switch back to the MATRIX Catalog and, 2 -1
with the highlight on M2, press and create the matrix 3 4
shown right. 1 7

[RAD FUMCTION S

Switch to the HOME view and multiply F11 M2

M1*M2. As you can see, the result [Co, 281,017,081, [23, 5.
displayed in the HOME view is not very
useful or readable. Pressing EIlLH
displays the matrix in a far more readable
manner.

ETOk
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Another method is to store the result into a third matrix and then to view it
through the Edit screen of the MATRIX Catalog. This is shown below.

M3l 1 2
m] FUMCTIOM 1 ]
i1 012 . . slea |58
[[5. 251, [17,551, [29,5. Matrix M3 is
Fie 280 [17,581, (29,5, created leftand
2 2 : : 3 S : : g
edited right. T T T T .

Probably the most common functions that you will use are INVERSE, DET
and TRN (transpose), so some worked examples are included which use
them. There are also a number of further worked examples involving
matrices in the section at the back of the book.

2X+3y—-z2=-6
x-3y+z=12
Eg. 1 Solve the system of equations: 3X-y+4z=13

Solution: The system of equations can be 2 3 -1jx -6
represented as the system of matrices: 1 -3 1]y|=|12
3 -1 4|z 13
-1
this system can be algebraically rearranged to: X 2 3 -1|/7|-6

yl=[1 -3 1] |12
z| |3 -1 4| |13

-1

where the inverse matrix is... 2 3 -1
1 -3 1
3 -1
X 2
which gives a final answer of |y |=|-3
z 1

Mathematically what
we have done is: Ax=Db where A isthe coeff. matrix

and b is the constant matrix.
X= 1>< b
A

which isusually written as: x=A'xb
or as. x=inverse(A)xb
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The method for doing this on the hp 39g+ is as follows...

= MATRIR CATALOG 3
343 REAL MATRIHR

Step 1. Enter the MATRIX Catalogue. Use

i M2
SHIFT CLEAR to erase all matrices. M2 @ Eéfﬁché%
[} —
MS 1¥1 REAL MATEIY L
[ 1 1 1 | wo | vES |

M 1 | 2 | =

2 3 -1
‘1 \-a 1
-1 4

Step 2. Enter the 3x3 matrix of coefficients in

wru-

M1.
[EOIT | W3 | GO* [EG | | |
Mal 1
1ll-B
Step 3. Enter the 3x1 matrix of into M2. i
Note the change to in order to
make entering numbers easier.
[EOIT | 1M Ja04 [ EG | | |

Step 4. Change to the HOME view, evaluate A'xb using any of the following

three methods (all of which are acceptable to the hp 39g+), and store
the result into M3.

EAnEG R

(@) MI1*M2

M1~—1%M2KH3
[[Z1,[-21, [.9999999939,,

(b) M2/ M1

|-----

(c) INVERSE(M1)*M2

The best of these is probably (a) because it doesn’t involve fetching the
INVERSE function from the MATH menu and, unlike (b), reminds you that the
operation is really left-multiplication by the inverse rather than division, an
operation which is not strictly speaking defined for matrices but is allowed for
convenience on the hp 39g+.

The answer displayed is [[2], [-3],[.999999999999]]. This is really
the same as x=2,y=-3,z=1. The strange answer for z = 1 is caused by
internal precision errors. You are expected to realize yourself that it should
bez=1.
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2 1 4
Eg. 2 Find the inverse matrix A™ for the matrix A=| 1 1 3

2 4 1
%Egl'gliﬂl 2 Harie R
The first step is to store the matrix A into M1. If -7
you now simply store its inverse into M2 you M1=1M12

[[1.85714285714,-2.42..

will find, depending on the determinant, that
the result is probably a collection of decimal

. IS TN I I N B B

values (see right).
. o Mal 1 z =]
While correct, this is hardly the best way to 1EWTRT]-7 qags| 192857
display the answer. The fact that the | B e S o e
determinant is incorporated into the inverse
makes whole numbers unlikely. 1 EE-14°057143
[EDIT | W: | G0x JEIG | [ |

A better way is often to write the answer as a fraction etl( A multiplied by a

matrix of whole numbers. If we multiply the inverse by the determinant then
we can usually remove the fractions.

ie.
EAEG] HOME [ Mal 1 z2 3
DETCML _| withM2 being... [} [ F
DET (M1} #M1~—1BHZ2 B N B
[[-13,17,-.393393333939,,
=, 293999999939

| LT I I I I [EOIT | 1M | GO* [EG | | |

1 -13 17 -1
Thus we can finally write: A=—| -5 6 -2

6 -10 1

An alternative to this is to change into Fraction i TRIG EAPLORER: i

give a matrix of fractional values which can be -1 M2

. . . C h1
6 numeric format in the MODES view. This will H 1, 05714205714, -2, 42.,
seen more clearly using ELDME. [[13-7s-C17-F2,1-71, L.

FTOk
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Eg. 4 Find the angle between the vectors a=(3,4) and b=(4,1) .

(34)

Y@y

P N W b~ O
| | | | |
T t t t t

Using the formula that
aeb=|al.|b|.cosd

where aeb is the dot product, we can

5 -4-3-2-1 | 123 45 rearrange to obtain:

15 T R U
1 1 1 1 1
———t

Therefore:

On the calculator, the functions DOT and ABS
give the dot product and magnitude
respectively, when fed with vectors. The

hp 39g+ writes vectors as row matrices. For
example a=(3,4) would be writtenas [3,4].

The calculations are shown in the two screen
shots on the right. Remember to change into
degree mode first.

fo)
°
1T

Ccosd =

o

[ox

_(34(4)

(34|41

B 3x4+4x1
T+ BN+ 12

cosé

Ans-CABSCL3. 4 13%ABSCL.,
rrell148aE1 16

(=70 ] |  [cOPY[sHOW] |

A DE] HOME [ E
Ans<(ABSC[3, 412 #ABS L.
rrellddanlle
ACOS CANs2
39. 89238528863

[ELC TN I I N B

The list of matrix functions available through the MATH menu is covered
starting on page 271. Not all functions are covered, since many of them go
far beyond the requirements of the average student at whom this book is

aimed.
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USING LISTS ON THE HP 39G+

A list in the hp 39g+ is the same mathematically as a set. As with a set, it is
written as numbers separated by commas and enclosed with curly brackets.

Eg. {2,5,-2,10,3.75}

Using the HOME view these lists can be stored

in special list variables. There are ten of these
L1,L2,..L9,L0.

Eg. {2,5,-2,10,3.75}»L1

Typing L1 and then ENTER will then retrieve
the list. Lists can also be multiplied by a
constant and have a constant added to them
(see below)

E:{ DG HOHME L Fi
{25,218, 2. 7531
{2555_251653-?5}

L1
{2,5,‘251953.?5}
EIT) I D D B
DG HOHME L Fi
2%L1
{451B5_45265?-5}
Li+2
tdy Vel 120,700
EIT) I D D B

If we store another list of the same length into L2, then the two lists can be
multiplied together. The resulting list is obtained by multiplying each element
in the first list by the matching element in the second list.

Many of the normal mathematical functions also work on lists of numbers by
performing the operation on each individual element. Lists on the hp 39g+
can contain more than simply numbers. For example, the return value for
some matrix functions is a list where each element is a matrix. Elements of a

list can be matrices, lists and other things..

The column variables C1,C2..C9,CO0 in the
Statistics aplet are actually list variables
attached to their aplet and can be used as
extra storage if you need more list variables.
The statistical variables have the additional
advantage, of course, that they can be
graphed in the Statistics aplet and with all the
usual statistical analysis measures available.
To transfer a list variable to a statistics
variable, just store one into the other (see
right). As you can see in the second view, the

A DEG| HOME [
L1+L2
T2y 18,-5,48, 12,752
LikC1
{2555_251953-?5}
T I D D D
nl C1 CZ2 cC3 Cd
2
J|-2
4|10
5]3.75
z
| E0IT | 1N | Z0RT | EIG |avAke[=TaTE]

list has been transferred to C1. Pressing would now give the usual
statistical measures for the newly created column.
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There are also a number of special functions available for list variables which
are contained in the List group of functions in the MATH menu. See page 265.

A special List Catlogue is provided which
allows easier entering and editing of lists. If
you look above the 7 key you will see a label of
LIST which gives you access to this catalog.
When you enter this catalog you will see the
screen on your right.

Pressing the DEL key when on one of these lists will delete that list, clearing
the memory it uses. Pressing BLUE CLEAR (above the DEL key) will clear
all lists. In both cases a query message pops up asking whether you are
sure you want to do this.

L1
1= 1
If you press the key then you will enter a
special editing screen which allows you to 4: 18
change individual values, delete values (using [2% 13 L
the DEL key) and insert new elements into a Ceomlms g [ [ | |
list. If you press the ILEN key with the highlight |;rthe-p‘dsition shown, then a

zero is inserted before the 4, with all the elements below shifted down one
position. You can then type your new number.

Having entered the editing screen, you may be wondering how to exit, since
no key is apparently provided for this. Simply press SHIFT LIST again to
return to the catalog level (or press HOME if you’ve finished altogether).

2 DE| HOME Lk
L1c=D
Changing of ipdividual elementg of a Iist. can SEL1c30
also be done in the HOME view, if not quite so )
easily. As we saw earlier, typing L1 and
pressing ENTER will display an entire list in the I3 EE— N

HOME view. If you want to see just element 3, for example, then typing

L1(3) will display just that one element (see right). As you can also see,
you can change just one element using the store command. It is not possible
to insert an extra element, except in that you could add an element to the end
of a list using the CONCAT function discussed on the next page.

Lists can be sent from one hp 39g+ to another & il |
using the infra-red link with the aid of the two
keys labeled EEiId and 3. The procedure |z Length @

is the same as that for sending aplets from one |[L4 Lengih &8
! 'ng ap LS Lenath L

calculator to another. i

—_—
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USING THE NOTEPAD CATALOG

The hp 39g+ provides access to Notes which can be either attached to an
aplet or created as independent notes for any use. The notes belonging to
the standard aplets are blank unless you add to them, but copies you transfer
from another calculator may have had notes added to them. In particular,
any special aplets you download to your calculator from the internet (perhaps
via a teacher) may have instructions as a note and/or perhaps a sketch.

Every aplet has a note attached to it even if it Th """""" FE“':T'"':' l”i"E """"""""""
is blank. This note is available via a key  ransrer to anothet

labeled NOTE (above the APLET key). Thus an gp?gguwith the
instruction to ‘press NOTE’ refers to the aplet F )
Note.

In addition to this, there is a Notepad = [ i LS kE
catalog containing independent notes which Egggeﬁf;mmae
is available via a key labeled NOTEPAD found |CHEMZ
above the ‘0’ key. Thus an instruction to

‘press NOTEPAD' refers to the Notepad
Catalog, not to the aplet Note.

EDIT | HEW

Notes attached to aplets are explained in the chapter “Using, Copying &
Creating Aplets” on page 189, so only a brief example is given.

The Slope Fields aplet is one that can be used .
to introduce calculus students to the concept of |Curwe Area 1.39KE
fields of slopes. It has been downloaded onto ~ |F4rst ion - B2KE

: Trig Explorer arE
my calculator from the HP HOME view web Guad Explorer BKE w

site (http://www.hphomeview.com) on the
internet and it is now found on the APLET key.

If this aplet is run, the first thing visible is the

VIEWS menu. This menu is set up by the Enter function
programmer to control the aplet (see g%ﬂpf tields
“Programming the hp 39g+” on page 214). =
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If you the menu and press NOTE then LOPE FIELDE MWOTE

you would see the Note attached to the aplet. F?E?Hg I:Ef'_ f,}lgpe

This is common with these aplets. Since they = Hetiuvat ive w1th eqn
are non-standard, the author ensures you have aiven in

some instructions, although most of the Choice of Xtick &
documentation is generally in a Word® or s SLOPE FIELDE MOTE
PDF® document that comes with the aplet. aréEEFaEiEE?TE?EEEP
This particular set of notes consists of a =lope field lines are
number of pages, but most are not that EE?EEsEEnED%EtEhEEéFh
extensive.

............... ELDFE FIELD$ HDTE

Dnce the fields are

rawni use the arraw
[u}

Some aplets also have sketches attached to ~ f&ds move the
Cross—hair to oa

them but this consumes approximately 1Kb of |zt art i 1.—.ﬁ E.:.sn, ion and

memory per sketch and so was not common Prress
on the hp 38g, which only had 23Kb and so i AL

didn’'t have a lot to spare. On the hp 39g+, as [throuah that point
and following the

programmers become used to having plenty of |5z 42 will EE, e

memory to use, aplets have become larger [Multiple functions
can be drawn.

and more powerful.

Aplets may also have an attached sketch \\_ i

which is transmitted with it when it is - -ﬂ“-dr-\-k- J.f R i
downloaded. This is empty by default but "7
programmed aplets may use it. An example is 1+ pepiop—T
shown right of a sketch from one of the aplets | a1 E— SR
available from HP’s web site called ‘Periodic’.

This can be viewed via the SKETCH key above the MATH key. Sketches can
have multiple pages and are covered on page 184.

Independent Notes and the Notepad Catalog

Most users are far more concerned with the Notepad Catalog. Notes held
in it are independent of any aplet rather than being attached to only one, and
can be sent to and received from another hp 39g+ or a computer via the
BT and [@34 keys in the Notepad Catalog.

The Notepad Catalog can be used to hold an textual material. For
example Physics information or your mathematics homework. As an exercise
here, we will develop a stand-alone Note containing some common formulas.

What notes you are allowed to keep and take into tests is a matter for your
school’s or university’s policy. Itis not a good idea to cheat by taking illegal
material into a test or examination. Quite apart from any other reason, it
could result in severe penalties.
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Notes can be shared between friends since
they can be transmitted over the infra-red link
in the same way as can be done for aplets,
lists, matrices and programs. It is worth
pointing out that this will not help you in a test
situation, since the strength of the infra-red link
in the hp 39g+ is such that it will only operate
over extremely short distances. It's going to
be pretty obvious what you’re doing if you try
to transmit messages by exchanging Notes in
a test when you have to be within 8-10cm of
your friend’s calculator.

Notes also consume memory. Even on the
hp 39g+, if you accumulate enough Notes you
will eventually find that you run out of space.
See page 37 for information on the hp 39g+
memory.

HF 359G

In addition to this, the hp 39g+ was never designed nor intended to be a
typewriter. Inputting text is a slow process. As you begin to become more
familiar with the positions on the keyboard where the various letters of the
alphabet can be found your typing speed will improve, but it will never
remotely compare to typing on a keyboard.

If you want to prepare anything more than small Notes then software is
available to allow you to edit Notes on a computer. See page 211. For the
hp 38g and hp 39q it is necessary to purchase a special cable to connect to
the serial port on a PC and the software will work only on Windows
computers. For the hp 39g+ the cable is supplied with the calculator to allow
you to connect to the USB port. The hp 39g+’s software should work on
either a PC or a Mac.

As was discussed on page Error! Bookmark not defined., at the time of
writing this book the software situation was in the process of changing so the
information which follows may be out of date.

For the latest version of the software for your calculator you should consult
Hewlett Packard’s web site (http://www.hp.com/calculators) or The HP
HOME view (at http://www.hphomeview.com).
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Software

Tobegin spesnbision. st | |
SERD = RECY ot 1
32 1]

omuum

acmmn, ez DK =1,

For the hp 38g, hp 39g & hp 409 |
The HP Connectivity Kit, called HPGComm, is - S EEE
discussed in detail on page 204. It allows users to
transfer aplets and all other HP objects such as notes from calculator to PC
via the serial port. It does not let you edit them in any way.

However there is also a free piece of
software called the Aplet Development Kit | oD
available over the internet from HP’s web site  ;=iaia s 51 -

= Tor une wiih

(http://www.hp.com/calculators) or The HP Arimales.
HOME view (at http://www.hphomeview.com) =~ & %
which edits notes & programs. See page 211. ™ i i

There are two versions of the ADK, one for the hp 38g and one for the
hp 39g, hp 40g & hp 39g+. All of this software will only run on a Windows
computer and requires that you have a cable and a serial port on your
computer. Some newer models of computers do not have a serial port.

More information on both of these programs is given on pages 204 - 211.

For the hp 39g+

At the time of writing the hp 39g+ had only just been released and new
software was in the process of being developed. The hp 39g+ is supplied
with a cable that lets it link to the USB port on a PC or a Mac. The software
being developed should run on any platform, including Unix, and will allow
the transfer of objects such as aplets, programs or notes.

The Aplet Development Kit (see picture above) performs editing once the
object is transferred to the PC. Make sure that you get the version of the
ADK which edits objects from an hp 39g, hp 40g or hp 39g+. It will only run
on a Windows computer and requires that you have a cable (supplied with
the hp 39g+) and a USB port on your computer.

If you are reading this information then it might be worth checking to see if
there is a newer version of this book available on HP’s site. The intention at
the time of writing was to update this section once the new software was
released.
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Creating a Note

.................... HOTE CATALDE
Math formulas .
Feagent=
CHEM:Z
CHEM1

Let’s create a small Note containing some
commonly used formulas. Press SHIFT
NOTEPAD (not SHIFT NOTE ) and you will see
the Notepad Catalog shown right. Yours
will probably be empty.

EDIT | HEI

The keys at the bottom of the screen allow you to an existing Note,
create a ILIZ¥N one or to B and [T Notes to or from another hp 39g+ (or
a computer). A Note is deleted using the DEL key, while the SHIFT CLEAR
key will delete all Notes in the catalog.

Press the IEIEX key to begin a fresh Note.
You will be presented with the screen on the ware: [
right, requesting that you enter a name for the
Note. Names can be any length and can
contain any characters, alphabetic, numeric,
spaces as well as any from the CHARS menu.
However, if the name is longer than 14
characters it will be truncated in the display
because of the space taken up by the
indication of how much memory is used.
When you press ENTER after typing in the EDIT | HEK
name, you will see a blank screen waiting for

you to begin typing in your Note.

Before we begin, a word about making your typing easier. The normal
method to enter an alphabetical character is to use the ALPHA key.
Lowercase letters are obtained by pressing SHIFT first. The ALPHA key can
be held down with one hand while you type with the other, but this isn’t
convenient and lowercase can’t be locked this way. Space can be obtained
via ALPHA SPACE, with SPACE located on the key.

At the bottom of the screen in the Notepad FORMULAE NOTE dses

view you will see screen keys labeled ENE,
EiMd and EEH (backspace). If you press
EMH then all the keys from then on will type
their alphabetic values rather than their normal
mathematical functions. Pressing the SHIFT
key first before the IEIE key will lock it into lowercase rather than into
uppercase. Pressing the Il key again disengages it. The EllH3 key is
there purely for your convenience since it is also on the keyboard.

r
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.................. ERFTIILRE HOTE
Use the keys discussed above to type in the Common formyl as

screen shown on the right. The arrow keys can
be used to move around in the text and insert
or delete characters. H=4m-2  (Spherel

FA=1-2*Base*Height

In this case we don’t need it as all the characters are on the keyboard, but
you should remember that additional characters can be obtained through the
CHARS view. The three pages of the CHARS view are shown below. As you
can see, there are many special characters available for use.

i PECIAL CHRERCTERS IPECIAL CHARACTERS 3 HH SPECIAL CHARACTERS
Eirsne~tfnmidiz_ BEvdacnBrpTPoTEe BrARARECEERET T T
Fe LT LIAZNT | 2LHTx WEE ST, "7 =T, BRAGAEGHEOI00FED
B CHEEEE £+ F3atd] 3 EEES SRR ENE L Fa | EEEEEET TR

ARESEE5TRUGOGSE O

SELECT B CHARACTER AMD PRESS DK | |SELECT R CHRRRCTER AMD PREZS OK | |SELECT A CHARACTER AND PRESS DK
[EcHO] | PAGE ¥ [(ANGL] Ok |EMIECHO] | & PAGE ¥ [iRMGL] Ok |WIECHO] [ & FAGE ¥ [CANCL]

Once you have finished, and perhaps added some more formulas of your
own, just press SHIFT NOTEPAD again to return to the catalog level. You will
find that your new Note is now listed. There is no need to save your note, it
is saved as you work - just exit when finished. Unfortunately this also means
that there is no way to undo a mistake by reverting to a previously saved
version.

MOTE CATALOG
Formul as . ASKE
FPhone numbers . 18EKEE

You may wish to now try transferring your Note

to a friend’s calculator over the infra-red link
using the B and [E8 keys.

EDIT | HEW

An occasional problem users encounter is finding that the Notes they have
saved onto a computer are corrupted when they try to read them back. This
is almost invariably caused by trying to open, read, print or otherwise tamper
with the Note while it is on the computer. If you view the file once it has been
stored by double clicking on it to try to open it then the computer may try to
edit it with one of the word processors you have installed. If you allow this
and save the result then all sorts of characters will be inserted into the file
that will make it unreadable by the calculator. If you find that you have
unintentionally opened a file in this way then exit from the word processor
without saving.

Calculator Tip
Only the proper software should be used to edit Notes on a

computer.
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USING THE APLET SKETCHPAD

If you have not already done so, read the previous chapter. As is explained
there, every aplet has associated with it a Sketch, consisting of up to ten
pages. It can be viewed by pressing SKETCH, which is located above the
VIEWS key.

Sketches for the standard aplets start blank but you may find that an aplet
that you download from the Internet will have a Sketch attached. Remember
a Sketch is always attached to an aplet, so changing aplets makes it
inaccessible.

Facilities provided in the Sketch view are good for a bit of fun, but very
primitive when you try to do anything at all complex. This is not meant as a
criticism of the calculator. It does an extremely good job at what it was
designed for - working with numbers - but it was never designed to compete
with a computer drawing package.

When you first enter the Sketch page on your
hp 39g+ you will see the view at the top right.
There are four screen keys available. The

key allows you to place strings of text on
the screen.

[ZTOk [WEWP] | | TERT |DRAR]

If you press then you will be prompted to

enter a string of text at the bottom of the Hello karld! ___
screen. An M key is provided to lock in

alphabetic keys.

When you press ENTER, a rectangle will + |
appear in the middle of the screen. The
rectangle is the same size as the text will be.

[ 11 1  [cAMcL] DK |

Using the arrow keys you can now move the

text to the position in which you want it and
then press ENTER again to fix its position.
Hella MWorld!

[ZTOk [MEWP] | | TERT | DRAR]
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There are two font sizes available via the
I key, with the default size being large. If
you press the IEIEH key then it will change to
IEIEN. Although there is no apparent change
when you are typing in the text, the font will
become smaller when it appears in the

Hello kWorld!
THIZ 15 SMALL TEXT
TEHT |DRAL

ETOk |MEHP

window. Only uppercase is available in this small font.
New sketch pages can be produced by pressing the CIHYI key.

The DRAW menu

The [ITT® key gives access to a slightly
enlarged menu of simple drawing tools. The
LTl key seen on the far right exits from this
menu back to the original one.

The small cursor (cross) in the middle of the
screen can be moved around using the arrow
keys. If you press the screen key labeled
then a trail will be drawn as you move
the cursor. Notice the small dot next to the
showing that it is engaged.

Pressing the key turns the cursor into an
eraser (and automatically disengages
as well). Pressing the same key again
disengages both keys and leaves the cursor
free to move with no effect on the Sketch.

Moving the cursor to one end of a proposed
line, you can now press the key and
move the cursor to the other end of the line.
When the line is correctly positioned, press the

T4 key (or [GLIN).

A box is drawn in the same way. Position the
cursor at one corner, press the IEEN key,
move the cursor to the diagonally opposite
corner and press T4
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The circle command is similar. You should
position the cursor at the center of the
proposed circle. Pressing [N[IA8 move the
cursor outwards from the center, forming a
radius. As you do so you will see a small arc
appear, giving you an indication of the
curvature of the circle.

Pressing T (or ENTER ) will then complete
the circle.

I:r""l_.lT-' %
Hello|Harld!
C————

[ | 1 |  [tANCL] OK |

mﬁ_\ 5
Hallo| World!|

LINE | ED: JCIRCL] OF |

Finally, press IETHMl to leave the drawing tools view.

Using the key you can capture part of the
screen and store it into any of ten graphics
memories G1,G2. .G9, GO0 (called ‘GROBS’,
which is short for graphics objects). When
you press the message you see on the
right will appear, asking which GROB to use.

Once you have chosen a GROB in which to
store the screen capture, you will need to
specify the corners of the rectangle to be
captured.

Once an image is captured, it is possible to
paste the captured screen portion into the a
Sketch page using the VAR key. The screen
does not have to be blank but to make things
clearer, create a new sketch page using the
CIHYE key (see right). Notice the appearance

SEBESTORE TD GROE

G2 ]
G3
Gd v

[ | 1 |  [tANiL] Ok |

"'r'q—ﬁil'"_\\
Hallo| Haord!

ZELECT FIRZT CORMER [N TN

[ZTOF [NEWP]| & PAGE | TERT |DRAL]

of a new FMIEIET key to allow movement between pages.

Press the VAR key and, when you see the
screen shown right, press the key labeled
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2 eass HOME FlFi$ 3

Move down through the menu until you reach Compl e
Graphic and across to the particular GROB Library G2
you chose. Now also press the key labeled List vl G4 ¥
and then press | OK | (HOM |APLET|NAM 8| YALUE|CANCL | OF. |
You will now find yourself back in the graphics T
screen with a rectangle representing the size |
of the GROB to be pasted in.

|11 1  [tAKil] OK |

. ” 11a]

Move the rectangle to the desired position and -
press IlTM. The GROB will appear.

[TOb [NEWR] & PRGE_ | TEXT [DRAL]

This technique can be very useful in building a Sketch, particularly when
used in conjunction with the ability to capture PLOT screens and store them
in GROBs (see below). You can also use it to create animations by pasting
the same image in successively moved locations on each of the pages.
Holding down the IIE3kd key will move rapidly through the sketches,
animating them. If you can program then you can even automate the
animation quite simply.

To capture a PLOT screen, just arrange the
PLOT display so that it shows the features you
wish to capture. For example, if you don’t

want the screen menu showing, make sure it is U

set up that way before you proceed. When

ready, press and hold down the ON key, then
press the PLOT key and release both. The screen will be automatically
stored into GROB GO.

Now change into the sketch view, press the VAR key, select [IEE rather
than EEMEAN, move the highlight to Graphic and then move it into the right-
hand column and find GO. Press the key and then press ENTER.
Unlike the previous example where the pasted GROB now had to be located
on the sketch page, the captured screen in this case is a full size image and
so will be pasted in as a fresh page not over an existing one.
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Having pasted it into the Sketch page, you can
now modify it by adding text and other
information.

\MT:— btlbE—dac
2a

L = %L
a
[sTOkJMEWP] | | TERT [DRAK]

One has to question however whether the time needed to do this and the
crudity of the result make the whole process worthwhile. If you're intending
to do this to produce a set of ‘cheat notes’ for your next test or exam, you

would do better to spend the time studying!

Calculator Tip
The screen capture facility demonstrated here can be used

to capture any screen as a GROB, not just a PLOT screen.
Pressing ON+PLOT at any time will store an image of the

current screen into GO. See page 210.
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USING, COPYING & CREATING APLETS

Before you read this chapter, you should be reasonably familiar with the
majority of the built-in aplets.

As has been discussed before, the designers of this calculator provided a set
of standard aplets for you to use, changing the capabilities of the calculator
as you change aplet. These standard aplets will cover most, if not all, of your
requirements but to a certain extent you can also modify them to suit your
needs and copy them for your friends. No programming is generally required
and, unless you want to learn about the programming language of the

hp 39g+, there is no reason to worry about it.

As well as making small modifications to the standard aplets, you can
download additional aplets written by people who do enjoy programming.
These aplets come via the Internet, but you may be able to obtain them from
your teacher, from other hp 39g+ users, or from a PC or Mac onto which they
have been copied. Once aplets have been copied from the Internet (onto a
PC or Mac) the software and cable provided with your hp 39g+ can be used
to download the aplets to the hp 39g+.

Calculator Tip

Aplets which were written for the hp 38g or stored from an
hp 38g are not compatible with the hp 39g, hp 409 or

hp 39g+. On the other hand, aplets are freely

interchangeable between any of the hp 39g, hp 40g and
hp 39g+. A free utility is available which will convert hp 38g
aplets into hp 39g+ aplets. Many of the aplets on web
sites are available in both formats but far more are
available for the hp 39g+.

The information which follows is discussed in the following order...
e creating a copy of a standard aplet

copying from hp 39g+ to hp 39g+ via the infra-red link.

downloading from the Internet using the Connectivity Kit.

saving notes, aplets and sketches via the Connectivity Kit.

capturing screens using the Connectivity Kit.

editing Notes with the Aplet Development Kit.

The creation of new aplets on the hp 39g+ via programming is covered in
the chapter which follows this one on page 212.
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Creating a copy of a Standard aplet.

Imagine either of these two scenarios....

(i) you are a student and you have filled the Function aplet with a set of
equations needed for tonight's homework and set up the PLOT screen
so that it looks exactly the way you want it to. Now you find that you
need the Function aplet to do something else equally important which

will mean wiping all that work.

(ii)you are a teacher and you are planning a lesson where you will
examine a collection of about half a dozen data sets and graph the
results. You don’t want to spend half the lesson waiting while the
students type the data into the Statistics aplet and then watch while
they all use different axes and get totally different graphs.

In either of those two cases, the solution is to make a copy of the aplet
concerned. You can make as many copies of any of the standard aplets as
you wish, with the only limit being the calculator's memory.

Let’s look at each of the two scenarios in turn.

In the first case, what the student needs to do is to make a copy of the
Function aplet to hold his homework (the functions he had already set up)
and then do the unexpected extra work in the original Function aplet which is

now free.

Press the APLET key to see the list of aplets.
Move the highlight to Function (or whichever
one you wish to copy) and press the screen
key labeled A,

You will now be asked to nominate a name for
the newly created aplet. Itis a good idea to
name it something that will remind you of its
purpose and contents later. After all, you may
end up saving it permanently onto a PC or Mac
using the Connectivity Kit and when you look
at it six months from now a name of
“Homework” is not going to tell you much. Your
name can contain spaces and any other

.................... APLET LIERARY

Sequence
Farametric
Inference
Folar

SHE |

. 1KE

. B2KE
AKE
BEE w

Function
Sequence
Farametric
Inference

characters, including those from the CHARS menu.

190




Our student’s newly created copy of the Function aplet is now totally
independent of its parent aplet. She can now (if she wants to) the
original Function aplet back to factory defaults and go on with the extra work
that she wanted to do. A saved aplet cannot be .

Our second scenario had a teacher not wanting to waste the time that would

be needed for his students to type in five sets
of data. In this case also, the solution is to
make a copy of the aplet - in this case of the
Statistics aplet.

First set up the Statistics aplet to be exactly
the way you want it... for example five data
sets of 20 numbers, NUM view set to univariate
stats (HIEIE), SYMB view set up for five Box
and Whisker graphs, axes set up to display all
five sets. See page 122 for information on the
Statistics aplet.

The next stage is to move to the APLET view
and HI this modified Statistics aplet under a
new name - say ‘Related Sets”. If desirable,
you might also the original Statistics
aplet at the same time, ready for next use.

C1 cC2 | C3

= m- e
=m =
u 1
[

ENT | M2 [SORT] EIG [INARS|STATE]

EPJ#5E STATISTICS PLOT ZETUP
STRTPLOT: [S]opaN]  HMIDTH: 1
HREMG: —3E 26
YENG: -2 18
HEMG: [

SELECT ZTATISTICE PLOT TYPE

| IcHoos] PrcEw | [ |
EMESTATISTICS SYMEOLIC VIEL SEEE
wH2: C2 1 L
+H3:C2 1

+“Hd: C4 1

wHS: I 1

EMTEE =AMPLE

[ EOIT JwcHE] © |  |=HOKW|EVAL |

L]
H 11—
CHE

—F T

T —inipeP

“SKE |
BKE:
. 14KE
- E4KE
.BZKE w

Statistics
Eelaated =et=
Graphs 1-¥"H
Function

This saved aplet can now be downloaded to all the students’ calculators
using the infra-red link, ensuring each student has the data sets, with its

views pre-set to the teacher’s needs.

An ambitious teacher might even complete his aplet by adding a set of
instructions to the Note which is associated with the aplet. This would allow
an absent student to download a copy from a friend’s hp 39g+ and then read

up on what they are supposed to do.
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Indeed, if the students have access to the Internet and a Connectivity Kit
themselves, then there is no reason that the teacher could not post the aplet
on the department’s web page for downloading by any students who need
access.

In both of these cases, the procedure has been to save a copy of one of the

standard aplets under a different name. In neither case was there any need

to do any programming and the amount of memory taken up by these copies
is fairly minimal because they share most of their resources with their parent
aplets.

Some examples of saved aplets

The Triangles aplet

--------- TREIAMGLES EYHEOLIC VIEK 35
In the APLET view, ld3331 the Solve aplet and El:R2+E2=2

LI it under the new name of “Triangles”. E2:SINCA 2=0."H

- . H =H-
Now it and enter the formulas shown .,;EE: %HEEE §=E;H
right.

EDIT |+ CHE FHOK | EVAL

The B character can be found in the second page of the CHARS view.
Change into the MODES view and set the angle mode to Degrees (unless you
want to use another mode). Use this to solve problems in right triangles.

The Prob. Distributions aplet

e PROE. DISTR. svMEOLIC VIER
wELW=HIACOH=REI 2R,
E2:W=E0lJ=AsBaM! <00,
E3:iF=a™=M*M~k K |
Ed:P=ZCJ=AsBye™-M%,,

In the APLET view, the Solve aplet and
IELT it under the new name of “Prob. Distr.”.
This aplet is for use by students studying
Probability Distributions, and contains formulas | E3iFP=riAsEsKxn"3%C., n
that can be used to perform calculations on the EEILNEIIS ZHOM | EVAL
Binomial, Poisson, Exponential and Normal distributions. You can adapt it to
the requirements of your particular course.

Firstly, the aplet and enter the formulas shown below and on the next
page.

El:  V=N!/((N-R)!IRN*PAR*(1-P)(N-R)

E2: V=& (J=A,B, NI/((N-J)!J")*PAJ*(1-P)*(N-J))
E3:  P=er-M*M/AK/K!

E4: P=& (J=A,B,e"-M*M*J/J))

E5:  P=J(A,B,K*X"3*(2-X),X)
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E6:  P=en-(K*A)-eM(-K*B)

E7:  P=UTPN(M, S?X)

E8: P=1-UTPN(M,S?X)

E9: P=UTPN(M,S%A)-UTPN(M, S%B)

EO:  P=UTPN(M,S*M-K)+ UTPN(M,S? M+K)

These formulas can be used in the NUM view to solve problems involving the
probability distributions listed earlier.

Equations E1 and E2 can be used for calculations involving individual and
cumulative Binomial probabilities.

eg. Find the probability of at most 3 heads when tossing a coin 10 times.

Ensure that formula E2 is
EIfTAed and enter the values
shown right. The value in J is
irrelevant as it is merely the

summation variable. Highlight i

V and press ENNIS.

Answer: 0.1719

PROE. DISTE. MUMERIC VIEM s3
i J: E
(e E: 2
H:18 P, 5
PROE. DIZTR. MUMERIC YIEM
W :
EMTEFR VALLE OF FHEE.H A -
N 1El P, 5

EMTEFE WALUE OF PREX: =OLVE
EDIT | IMFO DEFH |=OLYE

Note: If your summation involves more than about 25 terms then a normal
approximation will be much faster than using this formula. Solve works
by repeated iterations converging on the correct value and this will be
quite slow if the summation has many terms.

Equations E3 and E4 can be used for calculations involving individual and
cumulative Poisson probabilities, where M is the mean.

The formula in ES is a generic formula for problems such as the one below:

“A probability distribution has the equation
f(x) =0.625x°(2-x) ; 0<x<2. Show that this is a valid

probability distribution function and use it to find P(x<1.2)”

Use it by substituting whatever function is in use for the one currently
entered. As this formula involves the integration function, each use of the
solve process will require the hp 39g+ to perform multiple integrations.
Because of this the solving process will be relatively slow.
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Equation E6 gives P(a<x<b) for an exponential distribution.

Equations E7 to EO concern the Normal distribution, with E7 giving P(X > x),
E8 giving P(X <x), E9 giving P(a<x<b) and EQ aiding investigation of
questions such as “what distance either side of the mean will give a
probability of 0.457”.

Notes:

(i) In equations E1 and E2, N!/((N-R)!R!) is used rather than the more
compact formula COMB(N,R). Doing it this way allows the user to
solve for N, whereas the second option does not. Note also that the
resulting probability is given as V instead of P because P is already in
use in the formula as the probability of an individual success.

(i) You might choose to split this into two aplets - one for the Discrete
probability functions and one for the Continuous ones.

The Transformer aplet

This aplet is based on the Parametric aplet and allows students to investigate
geometric transformations using 2x2 matrices.

TEAMEFORMHER =YHMEOLIC WIE
In the APLET view, the Parametric aplet pH1CTa=M2C1, T2

and 3 it under the new name of TleTa=tatiz, Ta
. N . AECTr=M3C1.T2
Transformer”. Enter the equations shown YRETA=MEC2, T
right. ;

EDIT |+ CHE FHOK | EVAL

""""" TRAW:FORMER PLOT 5ETUF%
Change to the PLOT TenG: T 4 TRAWEZFORMER, PLOT ZETUF
SETUP view and enter ~ [7oefe 1 @ [T wTick: 1
. ’ _ ZIMULT _INY. CROZZ
the settings shown YEMG: - & < CONNECT T LABELS
rlght' EMTEE HIMIFURM |E VALUE |« AHEZ ¥ GRID
E0IT FRGE ¥ EMTER HORIZOMTAL TICK SPACING
EDIT & PAGE
Now change to the Matrix Catalog view and enter the matrices shown
below into M1 and M2. P | ™ = |
1 2 1 1
10 1211 : " : '
M1= M2=
{o - } {1 13 1}

Change to the HOME view and perform the

Iculation shown right and finally pr PLOT.
calculation sho ght and finally press PLO EP——

[[1525151]5[—15—15—35..

FTOk
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The result is a triangle with corners at (1,1), O
(2,1) and (1,3), along with its image after SEEREREES 1 R
reflection in the x axis.

EEERERES
RERER S,
We can now matrix M1 so that it contains
another matrix. For example: 10
........ AT R s
[ 0 J 1Mz
To see the effect of this new matrix, simply [Eiﬁéiﬁé”’ [-1s-1,-3y.
return to the HOME view, IN&l the previous it
CL-1s-22-14-11.[C141.2.

calculation and press ENTER. The new image

will be stored into matrix M3. If you now return m—-
to the PLOT view the image will not appear to I S
have changed as the aplet does notrealizethe | @ >l i T o000
matrix has changed but pressing PLOT again SRR 1 "R
will force a re-draw of the new image.

SORREEEEE R
The power of this aplet as an investigative tool is that you can now continue
to matrix M1, repeat the HOME calculation, and re-plot to see
immediately the change in the image.

The degree of guidance which should be given to a class will obviously
depend on their level of ability. You might choose simply to suggest that they
confine their investigations initially to placing numbers only on the diagonals.
It is a good idea to challenge them to record their matrices on the board as
they discovered them. A highly able class will find nearly all relevant matrices
within 20 to 30 minutes.

: TRANZFORMER SYMEODLIC YIEH
So... how does this aplet work? 1 ETI=MZC 1, T
T LT a=MZC2, T
WA (TI=MI (1, T
o L I L

The formulas in the SYMB view form the key to
the process by allowing the calculator to fetch

values from the matrices, with the values a1 = = T
fetched being determined by the settings in the 1 B 1 1

PLOT SETUP view. For example, as T runs
from 1 to 4 in steps of 1 the (X1,Y1) values
plotted become (m2(1,1),M2(2,1)), (M2(1,2),M2(2,2)), 1
(M2(1,3),M2(2,3)) and (m2(1,4),M2(2,4)). If we now
substitute the actual values from matrix M2 then these points become (1,1),
(2,1), (3,1) and (1,1), which give the shape when plotted. The repetition of the
first point is to ensure that the line forming the triangle is closed by
connecting back to its starting point. Obviously X2 and Y2 perform the same
function with matrix M3.
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To use a different shape you need only change the points in matrix M2. If
your new shape has more than three vertices you will need to change the
TRange values in the PLOT SETUP view. It is not a good idea to use shapes
that are symmetrical, like squares, as it makes it harder to recognize
transformations.

Calculator Tip

Warning: Due to a bug which existed in the hp 38g and
hp 39g, this aplet cannot be sent from one hp 39g to
another using the infra-red link. The formulas in the SYMB
view often become corrupted during the transfer and need
to be re-entered.

This is not a problem for two reasons. Firstly, the transfer
would require sending not only the aplet but the matrices
too: by the time this is done it would probably have been
faster to have the class set it up themselves. Secondly, if
the class is not to regard this as ‘magic’ then they need to
understand how the aplet works. This is best
accomplished by having them set it up themselves. You
might even consider allowing them to first play with
drawing shapes of their own invention using a single matrix
and only X1 and Y1. This will show clearly why the
TRange settings are important, and how the values are
extracted from the matrix.
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Copying from hp 39g+ to hp 39g+ via the infra-red link.

Any aplet can be copied from one hp 39g+ to another via the built in infra-red
link at the top of the calculator. Indeed it is not only aplets which can be
copied, but lists, notes, sketches, matrices and programs. Of the family of
related models, only the hp 40g does not have this capability.

RFLET LIERARY 1B0KE
The key to this ability is the presence of a

screen key labeled HEI and its companion Statistics BKE

o : : Felaated =et=z .14kE
key EIEMN. This is shown in the APLET view on  [22- 25059 BE0S  * cakE

the right. Function « HEKE

These keys can be used to send a copy of the highlighted aplet to any other
hp 39g+.

The infra-red link is located at the top of the calculator, next to the socket
which is used to connect the hp 39g+ to a computer. This link is exactly like
the remote control of a VCR, and allows two calculators to talk to each other.
In the interests of security in tests and exams, the distance over which they
can talk is limited to about 8-10cm.

If you look at the keyboard side of the calculator, near the “hp 39g+” label
above the screen, you'll find a small white triangle. This marks the position of
the infra-red port so you can line them up when looking down from above.
Put the two calculators top-end to top-end and line up the arrows with the
calculators no more than 9-10 cm apart. The best separation is about 3 -4cm.

The instructions which follow apply to the RPLET LIERARY BEEEE ICEA
transmission of an aplet via the infra-red link [ 1 :
. . =V (HF 29+ {IrDA:
but the process is the same for any other view  [Sac|HRZ9.-48 (Wire "
which has B[] and 34 keys. The only Sollbisk drive..
difference is with the hp 40g, the version Pols by
available in Europe. For this calculator the link
is via a supplied calculator to calculator cable and you would choose

HP39/40 (Wire) instead of the HP39+ (IrDA) specified on the next page.

EDEU'I'EUE
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To send an aplet, both calculators should be
showing the APLET view, with the highlight
on the aplet you wish to send. Now press
the B key on the sending calculator and
the [I3H key on the receiving calculator.

On both screens you will see the pop-up list

choices shown below. Ensure that the |
highlight is on HP39+ (IrDA). . calou atore aro ot
= directly in line with

The other choices are: each other.

e HP39/40G (Wire)
e Disk drive...

The first of these other two alternatives is
there because the hp 39g, the predecessor
to the hp 39g+, has a ‘sister’ calculator called
the hp 40g. The hp 40g was released in
Europe and has no infra-red link because the B N N N K
European education establishment were

generally not happy with the idea of students being able to communicate by
infra-red, even to the limited extent that is built into the hp 39g+. When you
buy an hp 40g in Europe it is supplied with a cable which allows you to use
the physical port next to the infra-red window to send aplets from one hp 40g
to another.

HF 359G

The second alternative is there for transmitting aplets to and from a PC or
Mac via the Connectivity Kit, or to a special HP disk drive built for the
HP38/39/40G family called the “Drive 95”. The “Drive 95” was released at
the same time as the original hp 38g but there was no demand for it and it is
no longer manufactured. The overwhelming maijority of users decided that if
they wanted to save an aplet then they would send it to a computer using the
Connectivity Kit.

lllllllllllll

When both calculators are showing the [ (Sending aplst - (EES
. Far|=raph=
ELT/EAI8 menu and are lined up correctly, Sal

press the ENTER key. While the aplet is being %Tk
transmitted you will see a similar message to —— e
the one shown right. When the transmission LEAE REZETLINRLLZEND LRECK LoTHE
process is complete, the new aplet will appear in the APLET view of the
receiving calculator.
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If you see a message saying that there has B
been a “Time-out”, it may mean that you did Eﬂﬁenqmg splet  |ge
not line the calculators up precisely enough ~ |L24(dk Timeout

or pressed B on one without pressing CAL
3 on the other. The first thing they do is Tin|mn comcer. eress wws
say the electronic equivalent of “Hi there” to Ok

each other, and if there is no answer from the other machine within about 30
seconds, this is the message you receive.

Calculator Tip
The main cause of failure in communications is low

batteries. Low batteries affect communications long before
the warning symbol appears.

If your aplet is one that has been created by s PROGRAM CATALDG %2
someone else, rather than simply a copy of EH?HESEH ??EE

one of the standard ones, then it will probably LCOIM.S
have one or more ‘helper’ programs . COTH.5H
associated with it. For example, almost all the [E Colt TS
aplets available from the Hewlett-Packard web e
site come with sets of up to 6 or 7 programs to do the work, and without
which they are totally useless. As an example, the screen shown right
contains a number of programs which belong to an aplet called “Coin
Tossing” which can be downloaded from the web site The HP HOME view (at
http://www.hphomeview.com).

Normally you do not need to worry about this, since the calculator knows they
belong with the aplet and will automatically transmit them with it. This can
often greatly increase the transmission time. If you want to see these ‘helper’
programs, press SHIFT PROGRAM to see a list of the programs currently on

PROGRAM CRTALOG G
Editline

your calculator. Even if there are no other
programs currently stored, you will always see
the ‘Editline’ entry. It contains a record of the
last calculation you did in the HOME view and
can’t be deleted.

EDIT | HEW KECY | KUM
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Apart from curiosity, there is one important respect in which you need to
know about these programs, and that is when it comes time to delete an
aplet. The helper programs must be deleted from the Program Catalog
after deleting the main aplet in the APLET view by highlighting the aplet and
then pressing the DEL key. For more information on this see page 207.

The advantage of having easy access to the Connectivity program is that it
allows you to off-load any aplets not being used onto a PC or Mac, which
both have essentially unlimited storage in comparison with any calculator.

In addition to aplets, there are many other data structures on the hp 39g+
which can be sent and received to other hp 39g+’s via the infra-red link.
These include Lists (via the List Catalog), Matrices (via the Matrix
Catalog), independent Notes (via the Notepad Catalog) and Programs
(via the Program Catalog). Each of these has a [I3®ll key and, unless the
Catalog is empty, a Bl key. Any notes and sketches which are part of an
aplet (via the NOTE & SKETCH keys) will be transferred with the aplet.

Downloading aplets from the Internet

Aplets are available to do many tasks such as exploring graphs, bivariate and
time series analysis, as well as many tasks called for in Physics and
Chemistry. The number of web sites with aplets is increasing with time.

Finding aplets

The Hewlett-Packard site is the best starting point and can be found at
http://www.hp.com/calculators. From that point you can follow the links to
collections of material for the hp 39g+ as well as software and utilities. Other
sites can be found that have been created by enthusiasts. One of the most
extensive is The HP HOME view, found at http://www.hphomeview.com

HF Aplet Master Index

If you own an hp 39g+ then you already J— S S——
have the required cable with which to R s, Sl

H AREA MODEL Uhskeply 2 dogroe maramels ard binomials
download from_ the internet. If you own o S ———————
one of the earlier models then you need i eatlizns frt s pesca e,
to invest in a Connectivity Kit to get the EATaRMG T oL e deree ol
required cable. HBRAESISENE e o and 2 s vl o

& P,

) ) DECERCE CPERATIONS  Swplly dxpeesiens wing the sadir of
Downl'oadlng an aplgt from the Web is — e ———
Very Slmple AcceSSIng theHP Slte WI” SURSTITUTICH :.:T_;:;x:‘:uh;r:.-?.n:'.g.-nn-.nmslnr
present you with a page which may be e

similar to the one on the right, although the appearance will probably have
changed since this text was written.
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Generally you will be able to click on a link for each aplet and see a summary
on screen, together with a link that lets you download that aplet as a ZIP file.

A ZIP file is a special type of file which contains one or more compressed
files. The reason for the compression is simply to allow you to download
them from the Internet more quickly, and you should de-compress them as
soon as you have them onto your PC or Mac. There are many programs
which will de-compress ZIP files. The most commonly used Windows
program is Winzip®, which can be found at http://www.winzip.com. The
Winzip® program can also usually be found on the disks which accompany
many computer magazines.

Calculator Tip

It is absolutely critical that you decompress each aplet
into a separate directory. Each aplet has two files
(HP39DIR.000 & HP39DIR.CUR) which always have the
same name. Decompressing two zip files containing

aplets into the same directory overwrites the first one’s
files with the second. The aplet itself will not be harmed by
this but the effect is to render it invisible to the calculator,
since the two special files contain information which is sent
to the calculator in order to tell it what the directory
contains.

Organizing your collection

Shown below and right is the contents of one directory in part of my
collection.

-~ | Be E® e B Fresin b | w |

-----
B C:\HP IS Mt ﬂ% - - bz | ) -G MpAsisisacho Boansin Oddios |
- I =
g - B t
Addberz ] CYHPIB b platsasii: _ —~ T i] L] ﬂ ]
= 1= =
W —IGPEcher HPRDRC, HrEDE ) Shan0DD. . PLOTEETH
1 Bvveriats Dddiies o D idicas Fracics
|1 ESECHWET —-N"‘{T-‘!""' ~—a . .
"1 Chisin Fule Cleay®ugar 1=~ = j J
[ 1 Chomds _'|_|'|”r=l\\\ T==a ‘ E. & 1
|1 Chirtatmias Teees ] Lisaty Procgamiiing § FLOTEETZ.. FLOTSET3. FLOT=SETL. SHOWSTA
1 CoinToes I LirEowpr S
|"] Codbsian ] Mtk o S -
L1 Cuprvem Amems 1 Mt So ﬂ W gg
|1 Cupusa e So =)
L1 Danschelions I HzwEmell ETARTprg BAARODD. . ShAROOD
| #rstea 1 MR harsticd
| 1 Funchion = RDF
_” 11 chmetz] 21 iy Computar
1
ot =L

If you're only going to download a few aplets then organization will not be as
important. If you are a teacher or if you are intending to download lots of
aplets then you might consider setting up a logical structure of directories to
contain them.
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For example, at my school | set up a structure containing directories for each
of the courses being run. In each of these directories | then set up further
directories containing all the aplets which were relevant to that course. In
many cases that involved storing copies of aplets in more than one place
since some of them were relevant to more than one course.

Having downloaded our aplet from the web to the computer, we now have
the task of transferring it from the computer to the hp 39g+ via the
Connectivity Kit. The Connectivity Kit consists of a cable and some software.
For hp 39g+ users this is supplied with the cable but not for the earlier model
calculators. More recent versions of the software will probably exist though.

Software for the hp 38g, hp 399 & hp 409

The HP Connectivity Kit, called HPGComm, is discussed in detail on pages
204. It allows users to transfer aplets and all other HP objects such as notes
from calculator to PC via the serial port. Its purpose is purely communication:
it does not let you edit them in any way.

However there is also a free piece of
software called the Aplet Development Kit
available over the internet from HP’s web site
(http://lwww.hp.com/calculators) or The HP colsioimy il m
HOME view (at http://www.hphomeview.com) ** "*':_“_

which does allow editing once the object is R O
transferred to the PC. See page 211. e

Phim i & nade

Note that there are two versions of the ADK, one for the hp 38g and one for
the hp 39g, hp 40g & hp 39g+. You must make sure that you get the right
version for your calculator.

Also, both HPGComm and the ADK will only run on a Windows computer
although it may be that Mac and/or Unix versions will become available with
time and enthusiasm. Using HPGComm requires that you have a cable and
a serial port on your computer. Some newer models of computers do not
have a serial port. This was one reason for the release of the hp 39g+, which
uses the USB port instead.
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Software for the hp 39g+

At the time of writing the hp 39g+ had only
just been released and new software was in
the process of being developed. An image
of the current Windows version is shown
right but the final version may differ in
appearance, perhaps significantly.

The hp 39g+ is sold with a cable included,
unlike the earlier models. This cable lets it
link to the USB port on a PC or a Mac. The
intention is that the software being
developed should run on any platform,
including Unix, and will allow the transfer of
objects such as aplets, programs or notes.

FEL? HP 390G series connectivity E]@-‘

Screen Capture

Close  Help

Pleaze zelect the directary in which data are stored, or in
which you want ko store the data

(= CA ”
[=r HPCalc:
(= HP38E39G
[= Aplets & Programs
........ Pt
£ 1 War Inequalities
[ 2¢2 Systemns
[ Active Grapher
3 Amplitude & Period
3 Angles Drill
3 Archimedes Fi
[C7 Basic Functions
=]
Levice connected on HEXHG+

Once the aplet or note has been transferred to a PC it can be edited using
the same ADK software as is used for the hp 38g, hp 39g and hp 40g. The
only drawback with this is that the ADK will only run on Windows machines. It
may well be that by the time you are reading this there will be new editing
software specifically for the hp 39g+ and running on other platforms. Check
the Hewlett Packard website for information on this. Information can also be
found at The HP HOME view (at http://www.hphomeview.com).

Most explanations & pictures which follow on
the next two pages apply to the Windows software.
They assume that you are using one of the earlier models
(hp 389, hp 39g or hp 40g) using the serial port for access.

More recent software may well be available
by the time you read this.

See Hewlett Packard’s web site at http://www.hp.com/calculators
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The HPGComm Connectivity Program

At this stage | will assume that you have an B
hp 389, hp 39g or hp 40g and you have installed = et o
the Connectivity software on your computer and S
have run it. If you have an hp 39g+ then the e e e
software will be similar in behavior although the i [T
appearance of the screens may be different. See

page 181. = = Ei=] s

When you run the software you should see the screen shown above.

If you receive the error message right then it means that the default serial
port COM1 is unavailable. Press OK and try

e 0 L U | s o i Lot T i

changing to a different one from the list on e T
the screen. You should read the comments T
below first.

Many computers released since 2002 only have USB ports. This was the
reason why the hp 39g+ was altered so that it uses the USB port. If you own
one of the earlier models this means that you will be unable to plug in the
cable since it requires a COM port. If this is the case then you will need to
buy a USB to Serial adaptor. Unfortunately these often cost more than the
cable, but it will solve the problem.

If you are using the software on a school network then you may need to talk
to the network administrator. Some school networks lock out ports for
security reasons. Discuss your problem with the network administrator.

You can test whether the program is working
by performing a screen capture (more on this r
later). Connect up the cable to the calculator, ! !'""
being firm but careful when plugging it into the

top of the calculator so as not to bend the pins.

Turn the calculator on and press ON+1. This
means “press and hold down ON and, while =
still holding it down, press 1”. If the connection
is working correctly then a captured image of
your calculator screen will appear. If it doesn’t then check that you have fresh
batteries in the calculator and investigate the use of a different serial port.
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i e Faleen KK

Fisaza chooze s drsciap

The first task is to tell the program where to find the

This chesctogs ot il contn oaulatol Bat

aplet. Press the Change Directory button and use the | e, B

window that pops up to select the directory which el |
contains the aplet you want to transfer to the calculator.
Your program’s window won’t be the same as mine. =10

. ::::;‘l:n: =l

[0 ] _coew |

At the top of the window you’ll see a message saying
“Please choose a directory” and, once you've chosen a directory you should
see “This directory contains hp 39qg files” (if there are files there to be
downloaded). Press the OK button to select the directory.

Having connected the cable to the calculator, [ APLET LIERARY B I
change into the APLET view and press 38 ﬁ“ﬁ%g“'“ f:“fg:l% En
Thi.s time, choose Disk drive... from the menu  [re] HP22-48 ckires |E
which pops up. Press ENTER. dDisk driuve.. E
Feloarea c=ns i =
(ANCL | OK
If you receive the message shown right, then it e Dick deive
is probably caused by low batteries. However, not  prepared L
it may be because you have tried to download |Fr Enrttr?nzfer.
i i = nitliallze
the hp 38g version of the aplet instead of the ggi directory? .
hp 39g/hp 39g+ version. It is normally only
received if the directory is empty or if one or L HIL_LVE:

more files are damaged. Tell it IEIM and investigate.

If all has gone well, you should find that you
are looking at another pop-up menu which lists
the aplet you are trying to download, together
with the word ‘Other..” If all you see is the
word ‘Other..’ then it may mean that you
haven’t decompressed the aplet properly or

Coi
RFe=l
St
Fe=l

Hm$$

that the download was corrupted, and the aplet is not readable. This is

unlikely.

All else being well, if you now highlight the & P L
name of the aplet and press IEIl, then you Eﬂ;mg From En
will then be entertained to a series of CoilCURYERRE. BEE E
messages as the aplet and all its associated Rel B
programs transfer down the cable to your 54 c{I0 CAWCEL, PRES (ONI IE ¥

calculator. If there is insufficient room on your

calculator then there will be an error message at some stage telling you this.
If this happens you will need to delete the incomplete aplet and however
many of its programs successfully downloaded. Given the amount of memory

on the hp 39g+, this is not likely.

205



Using downloaded aplets

If you press the VIEWS key on your hp 39g+
you will see a list of options which vary
according to which aplet is currently active.
The VIEWS menu for Function is shown right.

Any aplet that has been created by a
programmer, such as the Curve Areas aplet
shown right, will generally have had its VIEWS
menu modified by the person who created it.

The new VIEWS menu is used to control the
aplet, offering a series of choices. Usually the
intention is that you should work through the
choices in the order that they appear. For
example, in the menu shown here you would
need to Choose function before you could use

Flot-Detail

L Fz|Flot=Table

L Fz|Overlay Plot

s Fe|Auto Scale
Felbecimal Y|

CAMIL] Ok

Function
Coin Tossing 1.
Felated =set= 1
Statistics

funct ion
Lower rect.
Upper rect.
Trapezoidal
Start

Choose

it to investigate areas under the curve using Lower rect.

Calculator Tip
If there is documentation with an aplet then you should
read it. It often contains information which is needed for

the efficient use of the aplet. It may also have one or more
student worksheets which can be copied and used in a

classroom.

Don’t forget that these programmed aplets
have ‘helper’ programs that are automatically
loaded into the Program Catalog. When
you delete the aplet these are not
automatically deleted. You must change into
the Program Catalog and delete them by

PROGRAM CRATALOG
. CLIEYE. S

. CURYE. TE

. CURYE. LE

. CURYE. LE
. CURME.FH

EDIT | HEW

KECY | KUM

hand. Left undeleted they will simply consume memory. See next page.

If you are a teacher using an hp 39g+ then it is
highly recommend that you investigate
teaching aplets. They can enhance your
teaching greatly and, more importantly, put the
learning process in the hands of the student
where it belongs, by letting them control the

ey

=|Area a i=
A B to 3 i
] approx. 4d4.875

T,

process via their calculator. It is worth reading the information contained in
Appendix A: Teaching Calculus with an hp 39g+ on page 301.
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Deleting downloaded aplets from the e
calculator Mesfgd Delete aplet
Poll  Related Sets?
W
As was mentioned earlier, most of the aplets Statistics v
you download will have ‘helper’ programs [ [ [ [ [ MO [YE:]

associated with them. These are stored in the Program Catalog. Apart
from curiosity, there is one important respect in which you need to know
about these programs and how to locate them, and that is when it comes
time to delete an aplet. As you would expect, this is initially done in the
APLET view by highlighting the aplet and then pressing DEL.

If the aplet is a simple copy of one of the standard ten, then that is the end of
the process. However if the aplet has a set of one or more programs
associated with it then those programs will not be deleted and will still be
taking up memory. To delete these left over programs you will need to switch
to the Program Catalog and remove them. Even on an hp 39g+ it is
advisable to do this or your memory will gradually be used up.

As an example of this, look at the aplet called Coin Tossing i
“Coin Tossing” shown in the APLET view right. [Related =et=s  1.3KE

Looking at the list of programs shown in the EE?Eé.fEéciets ] 1EEE
Program Catalog view, you will see a set of |Graphs 1-¥"M  .&4KE w
programs which all begin with the letters SHVE [KESET| 0RT

.COIN. The convention encouraged by PROGRAM CATALOG SRl
Hewlett-Packard is to name the programs so |- Egm g"-" . %EEE .
that it is falrly obvious which ones belong to : EDIH: SH :EEKE
which aplet, hence the .COIN code for an LCOIN. TS . 69KE

 COIM.CD

aplet called “Coin Tossing”.

EDIT | HEH RECY | KLUM
Simply position the highlight on each of the = puiizs FROGRAM CATALDG Eﬂ-ﬂf
programs in turn and press the DEL key. If E[DE“IDSI""I i 11‘ 1FKE
your calculator only contains one aplet with LI prE--:-Sr-:m:? B
programs linked, then it is faster to use SHIFT | CL=m== o E

CLEAR to delete all programs at once.

The Program Catalog view has no Bl key. If you store a large number
of aplets then you may find that you start to have trouble telling what program
belongs and what should be deleted. For the average user this probably will
not be a problem. The naming convention should ensure that you are able to
work out which is which. If you know the first letter of the name of the
program then pressing that letter on the keyboard will take you to it.
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Saving notes, aplets and sketches via the Connectivity Kit

The following information applies to the HPGComm program for the hp 38g,
hp 39g or hp 40g. If you have an hp 39g+ then the software will be similar in
behavior although the appearance may be significantly different (page 203).

Sending aplets, programs, notes etc back to a : HET LIERAR T 355

computer is simply the reverse of the process '- T

covered so far. The only difference is that you |Function .B2KE

need to create a directory to hold them first. Coin Tos=sing 1.2KE

The Connectivity Kit software is capable of E' t5 1.3KE ¥
ZAYE |RE% ZORT | %

doing this for you. Just browse to the directory
in which you want to create your new folder and click on
‘OK’. Now add to the path in the directory box by typing at
the end of it. When you do this the middle icon (left) will
activate. Clicking on it will create the new directory.

Pl il v e 40 s heni s

In the example shown right, | have created a
directory called ‘MyFunction’ to hold a copy of the Loy
Function aplet, which | have also called - i Cam -l
MyFunction, although it’s certainly not important - ) e

that they have the same name. -

| now need to change into the view which shows _
the object | am trying to save and highlight it. In I __
this case that’s the APLET view. Most of the

storage views have EI] and M keys, which means that you can also
save programs, lists, matrices, and notes. Sketches can only be saved by
saving the aplet to which they belong.

HFLET LIBF:HF:'n' 175KE

Press the HEiI key, choose the Disk drive...
option from the menu and press ENTER.

The calculator will respond by asking if you
want to Send now. Again, press ENTER. F-]_Ek l,jcat i,
Don’t use the Pick location... option. IS

Helated SE"t-S 1.5HE: v
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If the directory is currently empty, then the MoALH Difk drive 4
i i i i not. prepare
calculator will display the image shown right. EE; for transfer.
cail  Initialize
pe]l  directory?

mmmmﬁg

Calculator Tip
The meaning of the question about “Initialize directory?” is
that the calculator has tried to find the two special files

HP39DIR.000 and HP39DIR.CUR which tell it what files

are in the directory and has, of course, been unable to

retrieve them since it is an empty directory. It is asking if it
go ahead and create them itself.

The program will respond with [CAHP3SGMyFunchion ~] [T [w
message shown right. As it says, -

you should press the lfl3 key on the s
calculator to continue the process. R oo e B e o

iz hot ah infalized divectory .
Chooze YES on the calculator o initialize it.

H & [

i |
You will then see a series of messages on the ZRLET LInRARN
computer and on the calculator telling you that % ﬁﬁ?ﬂégfiiﬁm Eﬂ
files are being transmitted. At the end of the Fur[to file E
process your aplet (or program, note etc...) Coj|fTYFUHCT L. BBa E
will have been saved. Fellto cAMCEL. PRES: [OM1 |E W

You can re-use this directory later to save any other objects from the
calculator. Next time you use it you will not see the message asking if you
want to “Initialize directory?”, as the two special files are now present. They
will be automatically updated each time you save to the directory.

Calculator Tip
DO NOT edit, rename, or otherwise interfere with these
files once they are on the computer. If you do then you risk

corrupting them so that the calculator can’t read them. If
you want to edit a note or aplet on the computer then use
the right software.
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Capturing screens using the Connectivity Kit

One of the most powerful abilities of the

Connectivity Kit is its ability to capture § e, (s 8 o b o s i i !
images of the calculator screen. These sz pyeey s %
images can be pasted into a document or

into a Paint program for further processing. | e i EeEs
This allows teachers to create worksheets M

[

that include images of what the student ey il
should see. Students can create reports EAEMLT 1C

that include graphs and tables from your
calculator.

Any screen can be captured at any Eie Hel
moment, even if it is only partially —
drawn. The capture is triggered by -
pressing ON+1. This means holding S —
down the ON key and, while still :l%'? .
holding it down, pressing and S ——
releasing the 1 key then ON. When — Ml YRR |
you do the image appears on the

computer. The images to the right [CHP 395 MyFurcion =l O
and above show the screen capture
process on the two different pieces
of software. See page 203.

on the

Tr hﬂﬁﬂllm\t[!i!:iun, press

Screen image

Eile | dit Ophions
Once the image is captured, the Options menu on the
HPGComm software package allows you to perform Parametric
simple tasks such as putting a border around the Trig Explorer

SAVE RESET] SORT [SEHD [ RECY [STHET

image, and rotating or resizing the image. The File
menu will allow you to save the image as a BMP file.

iy sk s D04l ol ey b ke o
b Ok W Ll T Dl W e o T G
Vi Lo i 1 0 P ) T e ot Bl

P

The software for the hp 39g+ also has options to allow
you to copy the image to the clipboard, or to save it as
a BMP file.

Inl erence
Paramsl e

[T EHETE!

The Edit menu on HPGComm has a single option of
Copy to clipboard which allows you to transfer the
image into any other software capable of receiving it. Windows Paint is
suitable. Most word processors will also accept images pasted directly from
the clipboard.

[ofom] s B

210



A variation of this capture process is useful if

2 = HOME WYARE %
you want to retain the image on your Complex |GT
calculator. Pressing ON+PLOT stores the EEEE G2
image into graphics object GO. This can then HEF‘FH - G2

be pasted into a sketch using the VARS menu.
From the Sketch view, press VARS and then
the EIIEAE key. Scroll down to the Graphics variables and select GO. Now
press and then ENTER. The image will be pasted into your sketch and
you can then use the drawing tools to edit it. Using a Paint program is easier
and quicker.

APLETIMAM u]|\'§

Editing Notes with the Aplet Development Kit

Free software is available to let you edit Notes and aplets on a Windows
computer from any of the hp 38g, hp 39g, hp 40g or hp 39g+. This software
is called the Aplet Development Kit (ADK) and it is also used to create and
program aplets. Here we will look only at using it to edit Notes. Similar
software will probably become available for the Macintosh computers but was
not available at the time of writing.

Since the aplets are the same for the hp 39g, hp 40g and hp 39g+ the can all
be edited by the ADK. The only difference for the hp 39g+ is that the software
used to get it onto the computer is different. See page 203.

If you have downloaded, installed and run
the ADK software you should see the screen
shown right.

Using either the File menu or the button,
open the directory window and work your
way into the directory in which you have
stored your Note file. Highlight it and click on the Open button.

You can now type your text into the Note using the normal computer
keyboard. The special characters that are normally available from the CHARS

view are also available via the button.

When you've finished editing you can use the Connectivity Software to
transfer the result back to the calculator.
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PROGRAMMING THE HP 39G+

The design process

An overview

Although you can choose to simply create programs which are self sufficient
the whole point of working on the hp 39g+ is to use aplets. Hence this
chapter will concentrate on the process of creating aplets with enhanced
powers provided by attached ‘helper’ programs.

The key to the entire process of creating completely new aplets is the VIEWS
menu and its controlling command function SETVIEWS. This function allows
you to override the normal behavior of an aplet and superimpose new
properties by linking in a set of programs written by you.

It is mildly deceptive to call these aplets “new”, as they derive from one of the
standard ones, but the modification of the VIEWS menu means that their final
appearance and behavior can be very different to the aplet they derive from.

Essentially the process involves the following stages...

Choose the parent aplet;

Analyze the expected behavior and design the VIEWS menu;
Write the ‘helper’ programs and attach them to the aplet using the
SETVIEWS function;

Add supporting documentation.

Choosing the parent aplet

The first stage in the creation process is to decide which of the standard
aplets you wish to make the “parent” of your new child aplet. For some
aplets this may not matter, but for others this can be a very important choice.
All the abilities of the parent are inherited by the child so the parent choice is
crucial if your aplet requires particular abilities. The most commonly used
parent aplets are the Function and Statistics aplets, whereas the Quadratic
and Trig Explorers would probably not make good parent aplets, since they
are specialized teaching aplets without the flexibility of the others.
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If your new aplet is going to be concerned with analyzing data then your best
choice for a parent would probably be the Statistics aplet. On the other hand
if you were planning to write an aplet to teach the behavior of graphs then the
Function or Parametric aplets would obviously be best. All the tools of the

parent are available to the child, so consider carefully what tools you require.

Calculator Tip

When designing aplets you should consider using the ADK
as it makes the process far easier. To use the ADK you
must have the Connectivity Kit and for models before the

hp 39g+ this means buying a cable. We will begin by
assuming that you have only the calculator and create our
first two aplets entirely on the hp 39g+. We will then look
at two more examples using the ADK.

Naming conventions

The process starts by making a copy of the parent aplet and giving it
whatever name you want to use for your new aplet. This copy will form the
core of your new aplet. Decide also what prefix to use for the programs you
will associate with your new aplet. The prefix needs to be recognizably
linked to the name of the aplet, so that the user can know which programs to
delete when they want to clear the programs out after deleting the aplet from
the APLET view after use.

For example, an aplet called “Linear .LINEQ.SV .LINEQ.S
Equations” might have a list of programs: .LINEQ.EN .LINEQ.DIS

The next stage is to plan your VIEWS menu. The VIEWS menu is the
controller of your aplet. It pops up when the user presses the VIEWS key or
at a programming command, and offers a choice of options to the user. Most
of the options in your VIEWS menu will be triggers for ‘helper’ programs you
will write, and when the user chooses an option and presses ENTER, the
appropriate ‘helper’ program will be run by the hp 39g+. When the ‘helper’
program terminates the calculator drops into whatever view you as the
designer choose. For example, a ‘helper’ program might set up axes based
on the data entered and then drop the user into the PLOT view.
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Planning the VIEWS menu

It is very important to the usefulness of your aplet that you carefully plan the
VIEWS menu to be clear, concise and user-friendly. It is possible to have
sub-menus in the VIEWS menu by having your option call a program which
then pops up another menu of options. This is usually denoted by an placing
an ellipsis (...) following the VIEWS option, such as the one below.

An example of the VIEWS menu from an aplet
is shown right. The aplet is called “Time
Series” and is designed to analyze time series
data.

Ernter data
Mowing Awvgs o
i|5=a=s. Adjusted
g8lAwgd Eesids

i fGraphs. .. wv|—

The parent aplet for “Time Series” was the Statistics aplet. This parent was
chosen because of the need for the statistical tools it contains. For this

particular aplet most of the choices on the VIEWS menu trigger a ‘helper’
program to analyze the data in some way and

muCwru- 3
L

— ' =.4
then drop the user back into the NUM view ri Enter data —
showing the result. Some of the choices drop 5 : EgﬁéTgnﬂﬁ’Eited =
back into the PLOT view to see the data 5[5(Augd Resids
displayed. lﬁﬁﬂraphs... | —]

C(AMWIL| Ok
Sometimes choices trigger further menus. For CHODSE (GRAPH S
example the last option of ‘Graphs...’ runs a |;1- E
program which pops up another menu, shown 52;;':'9533’?9
right. The reason for this method is generally Data + MAW ¥

simply to avoid overcrowding the main menu. I N T T

Another example of an aplet is shown right. It 30[v

is called “Tangent Lines” and it draws a i
tangent line onto a graph and then lets you BE E',;':r'"_?e functionle
move it around, displaying the gradient as it

does so. This aplet has the Function aplet as / I .-,-.H.- o

its parent and displays the VIEWS menu
shown right. In this case the menu has far fewer options.

The SETVIEWS programming command which creates the VIEWS menu
follows a repetitive pattern of listing a menu option, followed by the name of
the program the calculator should run if the user chooses that option,
followed by a code number which tells the calculator in which view to leave
the user once the program finishes.
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You should therefore also think about what you want the user to be looking at
once the program they have triggered stops running. Do you want them to
be looking at the PLOT view - perhaps the option they chose was to draw a
graph, with the program being there to set appropriate axes; or the NUM view
- perhaps we are analysing data - or should they be looking at the VIEWS
menu again so that they can immediately make another choice?

The syntax for SETVIEWS is as follows...

SETVIEWS “Menu line1”; “Program name”; View_No;

“‘Menu line2”; “Program name”; View_No;
“‘Menu line3”; “Program name”; View_No: (colon on final entry)

where View_No is:

0. Home view 11. List Catalog
1. Plot view 12. Matrix Catalog
2. Symbolic view 13. Notepad Catalog
3. Numeric view 14. Program Catalog
4. Plot Setup 15. Views menu item 1 (Plot-Detail in Func.)
5. Symbolic Setup  16. Views menu item 2 (Plot-Table in Func.)
6. Numeric Setup 17. Views menu item 3 (Overlay Plot in Func.)
7. Views menu 18. Views menu item 4 (Auto Scale in Func.)
8. Aplet Note view  19. Views menu item 5 (Decimal in Func.)
9. Aplet Sketch view 20. Views menu item 6 (Integer in Func.)

10. Aplet Catalog 21. Views menu item 7 (Trig in Func.) etc.

The syntax for SETVIEWS allows any number of these triples.

The convention for the SETVIEWS command is to place it in a program with a
name of .NAME. SV where NAME is whatever name you chose at design
stage. When you run this program it severs the aplet’s link to the normal
VIEWS menu inherited from its parent and replaces it with the new options.

Calculator Tip
If an aplet is created using the ADK then it may not have

this .NAME .SV program. The ADK creates the VIEWS
menu in a different way that doesn’t require it.
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The linking process performed by the SETVIEWS command (or by the ADK)
is also important in that it tells the calculator which programs are to be
transmitted with the aplet when it is copied via cable or infra-red link. Only
those programs named in the SETVIEWS command (or linked by the ADK)
will be transmitted.

In addition to the lines which form the menu for your aplet, there are some
special entries which are treated differently.

If you include entries called “Start” or “Reset”, then the ‘helper’
programs associated with those entries will be run when the user
presses or in the APLET view.

If you include a menu line entry which consists of a single space
character in double quotes, then the entry will not appear in the VIEWS
menu, but the program named in the line will be transmitted with the
aplet. This can be handy if you have a program which is a subroutine.
ie one which is not directly called in the menu but which is called by
another program which is in the menu.

Another example of this is the .NAME. SV program itself. It needs to be
included in the list in this fashion, since we don’t want it to appear on
the VIEWS menu but it is usually kept and transmitted with the aplet.
Strictly this is not necessary since, once it has done its job, it would
normally never need to be run again.

If you include an entry which consists of empty double quotes, then
you can access the commands which appear on the parent aplet’s
normal VIEWS menu which has been replaced by yours. The standard
menu options of Auto Scale, Plot-Detail etc. can be included in this
way. View numbers 15 onwards are reserved for this purpose. For
example, if your parent aplet was the Statistics aplet in Bl mode
and you wanted to include its Auto Scale command then you would
use a view number of 18 since Auto Scale is entry number 4 on the
normal VIEWS menu for the Statistics aplet in Elfild mode. You need
to be quite careful when using this option since the commands like
Auto Scale appear in different positions for different parents.

Shown below is a SETVIEWS program which illustrates this...

JET.EV PROGRAM sttty 5 R
RETYIEMG " O *
..'5';’.'1.'.;1 : - TST. A" 83 producing a -?EPlnt—Table
::B;:";éﬁiu TST.E":1: menu of... :TE E:ED gcale
FL. 275" TST. By AT =
[ 1 1 1  [chWcl] OK
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It is a very good idea to include a “Start” entry, since it will be automatically
run when the user presses and it thus allows you to enter pre-set
values in variables, or to pre-set axes, so that the aplet runs smoothly.
Additionally, if you terminate the “Start” entry with a view number of 7 then as
soon as the user runs the aplet the VIEWS menu will be displayed (it is view
number 7). This makes the aplet more friendly since the controlling menu is
the first thing the user sees. Some aplets tend to opt for first displaying the
Note view because they include instructions there. | usually opt for the VIEWS

menu and include instructions in a separate file.

Example aplet #1

This example will use the SETVIEWS
command to design a very simple (and totally
useless) aplet, which will illustrate a few of the
concepts useful in programming the hp 39g+.
We’'ll call it the ‘Message’ aplet and create it as
a descendant of the Function aplet.

Change into the APLET view, move the
highlight to the Function aplet and it.
Now save it under the new name of ‘Message’
and then this new aplet.

You will find that you are looking at the normal
SYMB view but for the Message aplet instead of
the Function aplet.

Press SHIFT PROGRAM to view the Program
catalog. Press IEI3%l to create a new
program and call it .MSG.SV (see right, with
part of the new program typed in)

Into this empty program, type the following
code, obtaining the quotes from the CHARS
view. When you finish typing, just press SHIFT
PROGRAM again to exit back to the Program
Catalog. There is no need to save as this is
done continuously as you type.
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Spend a moment to go through the code and ensure that you are clear in
your own mind the menu it will create, the programs it will run, and the views
it will enter after the running of each program. You will be told at a later
stage in this example when to run this program and create the menu.

We'll now create the associated ‘helper’ programs (shown below). Their
names/titles are supplied above the code for each one.

.MSG.1

.MSG.IN

MiG.2 PROGRAM
IISP 4,"Tnu entered

ERASE clears the screen, ready
to DISP a message on lines 4
and 5 of the screen. The
calculator then FREEZEs waiting
for a key to be pressed.

M5G.1 PROGRAM &
"Hello world!
S+d = "S+4:

The MSGBOX command is used
to display the traditional first
message for programmers
learning a new language!

HI IIH!.I.I
E""PIEESE Enter
B as gou're

The INPUT command asks the
user for info, displaying a title,
prompt and tip and having a
default value of 20.

.MSG.FN

.MSG.S

FELCRUOTE G 1t
G1:

FELCRUOTE RN § 28
Gl:

(QUDTE(K)) =

DH?UJUC'DJUIIDD;UIIUDIIII Ly B

: MZG.% PROGRA
SGEOX "Aplet
=t arting now"s

The command =+GROB in the
program left, stands for “Graphic
Object” and creates a GROB
from the F1(X) expression stored
in the SYMB view, storing it in
the graphic memory G1, using
the font specified (0, 1, 2 or 3).
The reason for doing it this way
is to use proper mathematical
layout like SHOW does. The
—DISPLAY command then
shows it on screen.

MEG.EY PROGRAM 5
SETYIELS

"L MEG. 2" E1,
"Shaw §

The SETVIEWS command is
discussed in detail on the
previous pages.

Having created all of the programs that make up the aplet ‘Message’, we can
now run the program .MSG. SV, severing the aplet’s link to its current VIEWS
menu which was inherited from its parent the Function aplet, and substituting
this new menu. Before you do this, check that you are still in the correct
aplet. Press the SYMB key and check that the title at the top still says
“mEssAaGE symoLIC VIEW . If it doesn’t show this, then the aplet again to
ensure that it is the active one and so the one whose VIEWS menu will be
changed.
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Swap back to the Program Catalog, position the highlight on the program
.MSG. SV and AN the program. Apart from the screen going blank for a
moment nothing will appear to happen, but in fact the link to the normal
VIEWS menu which ‘Message’ inherited from its parent aplet Function has
been severed and a link to the new menu you built in .MSG. SV has been
substituted. Press VIEWS to check.

Providing that you have done everything correctly, this is now the end of the
process - the aplet is now ready to be run. In the APLET view, make sure the
highlight is still on the aplet and press or ENTER to run it. If you get an
error message at any time then you may have to and the
program.

When you do this, the aplet will run the

program .MSG.S which will display a -
Aplet =starting
MSGBOX. it

The line in the SETVIEWS command L_L__ [ 1 __[ok]

controlling this was:

"Start";".MSG.S";7;

Since the triple ends with a view number of 7,
this means that after the program terminates

(when you press IET @), the VIEWS menu will EﬁSSa?E 2
H : (1} iz
display again. St art
|11 1  ltaWil] oK |

If you choose the option ‘Message 1, then this
will cause the program .MSG.1 to be run, Tello ooridl
displaying the screen on the right. This line in Std = T :
the SETVIEWS command also terminated with
a view number of 7 so when you press T4l

the VIEWS menu will display again.

The program line for this was:

MSGBOX "Hello world! 3+4 = "3+4:
Items in quotes are displayed as they appear, while expressions outside

them are evaluated before being displayed. Expressions can include
variables and calls to functions.
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The next option in the menu is ‘Input value’. Choosing
this option will create an input screen. The statement
controlling this was:

INPUT N;"MY TITLE";"Please enter N..";"Do as you're told.";20:

Examine the snapshot on the right and notice
the connection between the various parts of PLensE E. I
the INPUT statement and their effect. Note the
suggested value of 20, and note also thatthe |, .= vouke ToLD.

prompt of “Please enter N..” was too long to be | IEIiN I BN N T T
displayed. See the PROMPT command for an alternative that is simpler but
less flexible.

When you enter a number into the input screen and press ENTER, the next
line in .MSG. IN will display this value in a MSGBOX. When you then press
T4, the view number of 7 specified in the relevant line of .MSG. SV will
cause the VIEWS menu to be displayed again.

Notice that the input window is still displaying in the background. To stop this
happening, you could have included in .MSG.IN a line of ERASE: , which is
a command to erase the display screen. Try editing the program, inserting
this line before the MSGBOX line, and running it again.

The option of ‘Message 2’ displays the same
message as we saw before, but presented in a
different way. The DISP command divides the Eﬁgneg:ﬁg;gﬁeg?
display screen up into 7 lines (1 - 7) on which

you can display data.

For example, suppose memory A contained 3.56, then the command:

DISP 3;"The value of A is: "A:

would display the message The value of A is: 3.56 online 3 of the
display screen.

Notice also that this time when you press ENTER, you end up in the HOME
view rather than in the VIEWS menu again. This is not an error. If you look
at the line in .MSG. SV controlling this option of the menu you will see that its
post execution view number was 0 (HOME) rather than 7 (VIEWS menu) like
most of the others. To see the VIEWS menu again, press VIEWS.
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The final option is ‘Show function’. The program this runs is a little more
complex than the ones shown so far and illustrates a useful technique.

The line: "((X+2)A3+4) /(X=-2) ' #F1(X):
(x+2)3+4

(x-2]

Notice the way the function is in single quotes so that the algebraic
expression itself is used rather than its value when evaluated using the
current contents of memory X. If you wanted to graph this function by setting
the post execution view number to 1 (the PLOT view), then you would need to
include the command CHECK 1: in order to it or it would not graph.
You may wish to edit the .MSG.SV and.MSG. FN program to try this.

stores the expression into the function F1(X).

The next lines display the expression using the four options available.

2 * * = .
(H+2) g [EETREE

s e T (=)

The line: +GROB G1;F1(QUOTE(X));O:

converts the expression F1(X) into a Graphic Object (GROB). The number at
the end, which changes with each repetition, controls the font used to display
the function.

The line: +DISPLAY G1l:
displays this GROB on the screen, and the FREEZE command freezes the
display until a key is pressed.

Finally the LINE and BOX commands commands are used to draw an oblique
line across the screen and a box near the center. Notice the use of Xmin,
Xmax, Ymin and Ymax in the LINE command. This means that the line
would appear the same even if the screen were to be re-sized in the PLOT
SETUP view. The FREEZE command is needed to ensure that your screen is
visible to the user and not immediately replaced by the next view.

Note that SETVIEWS has a “Start” option and also a final option consisting of
a single space in quotes which is simply to link in the .MSG. SV program so
that it is transmitted with the aplet. It does not appear on the menu.
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Example aplet #2

If you haven't already, read pages 194 which explain how to create a copy of
the Parametric aplet to explore geometric transformations using matrices.
We will now look at using programming to enhance this aplet by automating
the process.

Start by highlighting the Parametric aplet and  ps TRAMZFORMER MOTE s
pressing 1. Now I the aplet under Hlﬂlfnﬂgéﬂ ggiélgégi
the new name ‘Transformer’. Press SHIFT et ric trans-

NOTE (not NOTEPAD) and enter some format lons using s
explanatory text into the aplet’s Note view. Frress VIEWS. _ _
You can use the text shown right. Sl Aol ST

The next step is to create the ‘helper’ Thanae mairlz
programs for the aplet, including the one Flot transt.
containing the SETVIEWS command used to Change shape
create a new VIEWS menu for the aplet. E'{':E?E AxES

These programs are shown on the next page.
When you have typed them all in then LN
the program .TRANSF.SV to create the VIEWS menu.

Programs for the aplet “Transformer’ are given below.

.TRANSF.SV .TRANSF.S .TRANSF.PLOT

TRAMZF.5Y PROGRAM EAMEF.Z PROGRAM % TRAMZF.PLOT PROGEA

IEWS min: 18kAmax B2 2kEmin: ZkEm
"Change matr FERYmin: Gk max: k3
" TRH SF. HHT"r?, 1FTmin: d4kTmax:
"Plot transf." 1kT=tep: 1BCoOnnect :
" . TRAHSF. PLDT",l, 1MGridiBkSimult s
e sha i "MEC1a T2 'MAL T
" TRHESF SHEPE' HIH 'NEiE Ta'B¥1CTas
"Chan 5 axes"i""id; CHECE 1=
"Sta "MICL Ta"RE2CT 0
i el I 3
] - . This program changes the value of
STOk |=PACE| & PRGE L E % ’ g] i [? -111mM1: Xmin and then changes it back. In
[ 1 i é i ] ]iHE: the original version the user had to
1'11-§c-p1épf’-13 press PLOT to force a re-draw. This
=TOk [ZPRC technique fools the hp 39g+ into

This program sets up the VIEWS
menu to call each of the other
programs. It need only be run once
at the creation of the aplet, but is This program sets up the required
attached via the final line so that it axes using variables from the PLOT
will be sent with all the others if the SETUP view. It then loads the

aplet is transmitted. The new user eauations and ensures they are

thinking that the PLOT view has
changed and therefore forces a re-
draw without the need to press a
key. It also re-multiplies the
matrices in case the user has
changed one by hand instead of
going through the VIEWS menu.

does not have to re-run it: it will

. led and ready for use.
never normally be run again.

Finally it loads the initial values into
the matrices.
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.TRANSF.SHAPE

.TRANSF.MAT

.TRAM:F.ZHAPE PROGRAM 3

RERLITE

ML=
S ISECM2 akLE:
HCZ2akTmaxs
1xmMzpM3:

This program (left) uses the
CHOOSE command to offer a list of
options. Note the need to pre-load a
value into C. This value determines
which option is highlighted when the
menu appears. If a list has only
three options but the highlight is set
to some other value than those three
then it can crash the program.
Options 1 and 2 load preset
matrices while option 3 allows the
user to edit their own. Note the
check to ensure the matrix they
entered has a valid size. The
number of columns is then extracted
and used to reset the value of Tmax.
The new image matrix is also
recalculated.

The indenting used is not required
and is there simply to make the
program easier to read.

.TEANZF.MAT PROGRAM 3

inished.":

]
ECITHMAT M1:
IF SIZECM12={2,22

MSGEOA"Matrix must
ul 232 only. "

EMD:
HTTL SIZECHM1d==(2,23
1#MZpME:

ET0F |ZPACE| & PAGE

This program puts up a message
instructing the user and then allows
them to edit the transformation
matrix in M1. The size of the matrix
is checked to ensure it is 2x2, with
the DO...UNTIL loop ensuring that
the user cannot exit without a valid
matrix entered.

Assuming that you have TN the . TRANSF. SV program to create the new
altered VIEWS menu then you can now test the aplet. Its operation should be
familiar to you if you have already examined its ‘cousin’ on page 194.
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In the next example we will use the Aplet Development Kit (ADK) to re-create
the same ‘Transformer’ aplet used in example 2. This will allow us to
concentrate on how to use the ADK rather than the aplet. The ADK runs only
on Windows computers and was originally written for Windows 3.1. Because
of this it does not understand long filenames or the Desktop and this makes it
difficult to use at times. It may be that when you read this text new software
will have been released by HP to supercede the ADK. The behavior of any
successor is likely to be quite similar to that shown below since the basic
design process is fixed by the calculator.

There are two versions of the ADK - one for the hp 38g and one for the

hp 39g, hp 40g and hp 39g+. Aplets created by one version are not
compatible with the other version’s calculators. Look for the ADK on The HP
HOME view (at http://www.hphomeview.com).

Mew ]
Ot type
Example aplet #3 ot
™ P am
Run the Aplet Development Kit and use the Fplet | T — - |

File - New command to see the box shown
right. Enter ‘Transformer’ and nominate the Obgect nama: | Ir s armer |
parent aplet to be the Parametric aplet in the ] Cancet |

box provided.

=8 Aplet Development Kit - Aplet]
File Edt “iew Optionz: ‘Window Help

When you press the ‘OK’ button the aplet =
will be created and its Note view will be |DIEIEI | i I.I-I ‘—Iﬁl—'

displayed. Enter the text below as a hint iy Transformer Note Vi [ljjm] E3
to the user on how to use the aplet in
case they don’t have the documentation.

“This aplet will let you investigate geometric
transformations using a 2x2 matrix. Press [
VIEWS to see the menu.”

o Diarcilomien Cusdom Views HE x
Viww List P ey 5

The next stage is to create e | Program Dbject Hame: |- TranttS
the VIEWS menu. From the View 3 Hewt View: |0 Homn -
View menu, select Special T — Fils nama:
views... and you will see LS
the VIEWS menu creation
screen. Press the Insert

button five times to create
the five entries we require [ el
for our menu. You can also _
create them one by one as 0| 7
required.

224


http://www.hphomeview.com
http://www.hphomeview.com

. “@ /: o . . e e - (o =]
Click on “View 1” in the View List

window. Change the prompt to m-uu: n:u:.."u'..
“Change matrix”, the Object name to

Heml Wemm | 7 Vs -

“ TRANSF.MAT” and the Next View B Enir (e Bt matrim: Prosds
to “7: VIeWS” F?IFII":TJI'I-:aq;-rI?-?:- THEH

| NEGHIE el riy musl be Eaf o, §
| WPl SIZECLd==(.&0 Ends

Al ] _FJ

In the main window, enter the code T
for this program (see Example 2). e
Special characters such as I can be

obtained from the button.

We now must save the code. Click on the “View 2” entry in the View List
window and the ADK will ask if you wish to save the code you entered for the
first view. Tell it ‘Yes’ and a save dialog box will appear. At this point |
usually realize | have forgotten to create a directory to hold my aplet and you
may have too. If so, click on ‘Cancel’, and create an empty folder to hold the
aplet. Remember that the ADK is a very old program and does not recognize
long filenames. It only accepts names with up to eight characters and no
spaces. This applies to directories also, so if you use ‘Transformer’ for your
directory then you may find it appears in the ADK’s directory view as
TRANSF~1, which is the Windows ‘short’ version.

Save the program under any name. | used EDITMAT.PRG. Make sure you
are in the directory you created before you click on ‘Save’.

Prompt: Change pat ris

If you click again on the first view in the View e ——
List window you will find that it now records the BN views =

. Filez wdilmal g
fllename you used HErd e | he~2u? e 1w, F'rl--h.-E

MAT Ml:=

At this point you should also save the aplet itself, perhaps as
TRANSFRM.APT.

Change matrix

Using similar methods, enter the code for the Flot transf .

other programs, with two exceptions. Firstly, Change shape
the Change Axes option has no program Elgan?e axes
al”

attached and you should leave the Object
Name blank for that entry, simply specifying
the Next View entry to be the PLOT SETUP view. Secondly, the program we
used before to contain the SETVIEWS command is not required for aplets
created by the ADK. When you finish, close the views planner and use the
File menu to save the aplet also.
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The final stage is to use the

ADK to create the two T :

. . Ar Hars u Herer wmchiasnn arel dewes
special files HP39DIR.CUR B Trrorrar ot Teamodorrer | o] rm——
and HP39DIR.000. e | (11
In the File menu, choose Mo Pl | |00
Aplet Library. You will see a _ s |

Trmmies =2 |

list of the programs and the
aplet in the window labeled
“Other files”.

Click on each file in the right hand bottom window in turn to highlight it and
then on the “Add <=" button to add it to the library files. You can only add
files which are legitimate calculator files. | usually add the aplet file first and
then each of the programs in the order that they appear on the VIEWS menu,
but this has absolutely no effect on the running of the aplet.

When you finish, click on the “Done” button and the files HP38DIR.CUR and
HP38DIR.000 will be created. Exit from the ADK and the aplet is finished
and ready to be transferred.

Example aplet #4

The final example is a very useful aplet called “Linr Explorer”. The name
would be better as “Linear Explorer” but names of more than 14 characters
will not display properly in the APLET view. This will be somewhat similar to
the Quad and Trig Explorer aplets, except that it will explore linear equations.
Its parent is the Function aplet.

[
Oijnct type
Create a directory to hold the aplet and then ™ Mats
run the ADK. Use the File - New command ;'::'
| Funchion =]

to create an aplet called “Linr Explorer” with
a parent of the Function aplet.

Mgmct noame F.nrr Eupl_-ur\:l:r |

[ o ] Cancel |
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! Aplel Development Ko - Lini Eephss

In the Note view, enter the text shown right.

Press WTEHS o ses =
. This aplel i
Liek s Ll uder ewplarse —
Lines Fuicl | oms.
The line w@== s

plotted and the oryoe

Our VIEWS menu will only have three entries, so
use the View - Custom views... command to

display the menu planner and press ‘Insert’ three
times. Our VIEWS menu will be as shown below.

i
g
g
?

el |

= [
o L | apdein Ll Wi

The first entry should have a

e Lim Mrompt- I'1nl saes
Prompt of ‘Plot axes’, an Object Poagrimn (bincs Massa: [ 1 196 W11 _ 10
Name of ‘.LINEXPL.AX" and a Next ot View: |1 Pact -

PR PLOT GETUF and seplol
o B e B Tl

=, L Wmi i S

JLIPE

Wpasi 1 "B LOKD Y

CIHECE 1=

View of 1 (Plot view). The full code
for each of the programs is given on
the next page, and other settings
are shown below and right.

L
[ o b Combomiams B ) IR 4
Prsagt: [£100 | e )
PFrogres Eigmct Mame |- | IRCHPL 1
B View | 1 Waea ]
Fir romes  mapleie iy
OF G==il THEM -
MESGHEE “YWou misd Pl oeest l:l.r:j
51
AP i
FOTE Fones [ o Lo Contom Vs AIE]
e ot B - -
e L] Wi T
Ak - A
%, okl | B
IF C{n THER B Virw | ¥ 'slees !
ITLEI"HY Wb W | Fie T
| | ] | - ]
|"|'-ur:‘|l'lrF|.l.i'Hl ﬂ
ELE T4
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Save the aplet and use the File - Aplet library facility to create the two special
files for the directory which allow the calculator to download it. Finally,
download it to the calculator and test it.

Typs Fie Mams Ut Wams Cirecioias and dives
Sammrrn ™ L e [
B ewrlore. prra H Ogpen | [H
# Ot Tl
Mios Falider |
|
Choose the first option on the VIEWS menu to f=-5+1.F
plot the axes and then the ‘Explore’ option to .

explore the equation of a line. On the pages
following we will examine the code in detail, as -3
it illustrates many highly important techniques.

Since it is the first program run we will look first at the program .LINEXPL.S.

% .LIMEXFL.Z PROGRAM
w1 "BELCHDE
K. 1i

ShHMinG 6. SkEma:
2.1k mins 2. 2k maxs

A |EREP

The variable G is being used here as a flag. Before the ‘Explore’ option can
be used we must be sure that the axes have been plotted, and this will be
done by checking the value of G. Zero will mean ‘unready’ and one will mean
‘ready’. When the ‘Plot axes’ option is run the value of G will be set to 1 and
this will be checked before allowing the user to run the ‘Explore’ option. By
setting it to zero in the program which is run when the user presses Eililal,
we ensure that the correct value is going to be in G initially. If this check is not
done then the code used in .LINEXPL.EX will cause the program to crash,
which is obviously not something we want. The axes are also set back to the
default settings in case the user has changed them.
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The 2" and 3™ lines are there to insert a
function. We need a function when the axes
are plotted or the normal error message will be & Mo equations
displayed (see right), which is undesirable as it checked
confuses the user. On the other hand we
need blank axes, so we use a function
‘Ymax+1’ which is guaranteed to be off-screen
for the entire x axis range no matter what axes are used. Clever, eh?

The next program code we will look at belongs to the 1% option on the VIEWS
menu of ‘Plot axes’.

3 % LIMERPL.A% PROGRAM Sriris
SGEOX"U=se PLOT SETUPR
and replot if

different axes are

Hind |EEZER

A message is first given to the user of how to proceed if they want to use
different axes. The flag value of G is then set to 1 so that the next program
can tell that the axes are ready to use. The function is also re-entered in case
the user has changed the SYMB view. Users have a habit of changing things
so try to allow for this in your programs.

The next program below illustrates a very important technique where a copy
of the PLOT view is stored in the aplet’s sketch view and then retrieved and
modified using the various graphics commands. The program is broken into
parts for discussion purposes.

.LIMEXPL.Ei PROGFRAM

IF G==8 THEH
MSGEBO= "You must'Plot axes' first":
FLSE

1FageMum:

FLOT+ Page:

MSGEBO="lze +<lT to adjust lipe.":
MSGEBO="Fres=s EHTER to finish":

The reason for the “IF G==0 THEN" is to check that the blank axes have
been plotted and are available for use. If not then the user receives a
message to tell them what to do and the remainder of the program is
bypassed. Trying to capture a PLOT view that doesn’t exist is a major error.
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Still referring to the code on the previous page, you will see that it refers to
PageNum. The sketches in the hp 39g+’s SKETCH view are numbered 1, 2,
3...etc. Sketch number 1 is always present but after that only sketches that
have been created are available and the program will crash if you try to
access one that does not exist. The aplet variable PageNum is the pointer to
the sketch you want and the actual sketch is called Page. Thus the two lines
after ELSE tell the program to store the PLOT view into the first page of the
SKETCH view. The PLOT view must exist before this can be done or the
program will crash. If you run the program and then later change to the
SKETCH view you will be able to see this stored image. Finally, the user is
presented with two messages which tell them what to do.

The next section begins the code which performs the work in the aplet.

10 BCE
L

+DISPLAY Page:

IF C<8 THEH

DISPEY BAminsYmaxsls"g="M"="C:
ELSE
EH%?PHT amins Tmaxsls "a="M"=+"C:
DISPHY .33iCs1350:

IF Me#e THEH
EH%?PH? -CoMy-. 33 13 EOUNDC-CrPMy 208
LIHE Amilns MEamint+Cs Smaxs MEsmax+CE

The first line assigns initial values to the variables M (gradient) and C (y-
intercept). The DO..UNTIL loop which follows (partly in the next section of
code) loops through the code within it until the ENTER key is pressed.

Within the loop, the previously stored SKETCH view is transferred from
storage to the display using the +DISPLAY command. The equation of the
current line is then displayed in the top left corner using the DISPXY
command. Two versions are needed to avoid an expression like “y=2x+ -1".

The DISPXY command was a late addition to the calculator and was added
at my request (many thanks, Jean-Yves and Cyrille!). It is a hugely useful
command to programmers but because it was added at the last minute it
does not appear in the manual for the hp 39g. It may have been added to the
hp 39g+’s manual. It does appear in the Prompt section of the MATH menu.
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The DISPXY command allows you to place a string of text at any position on
the screen using two different fonts. Until this command was added to the
language the only way to do this was to:

- save the current screen into a graphics variable.
- create a special GROB which contained the text.
- superimpose the GROB onto the stored image.
- redisplay the modified image onto the screen.

Quite apart from the fact that this was incredibly involved, it was very slow
and the command to create the GROB was very limited in what it would
allow.

The new command has the syntax:
DISPXY <X-pos>;<y-pos>;<font#>;<object>:

Suppose M=2 & C=3. Then the command DISFxY Hming¥maxi 13 "u="M"x+"C:
will display the text “y=2x+3” using font #1 (small) at the top (Ymax) left
(Xmin) of the screen.

The next line places a label on the y axis (offset slightly) to mark the y-
intercept. A check is then done to see if an x-intercept exists and, if it does, a
label is placed to mark it. Any labels off the edge of the screen will be
ignored.

Finally the line itself is drawn. Even though part of the line extends off the
screen there is no problem - the excess is clipped.

The next section of code below waits until the user presses a key (GETKEY)
and stores the key’s code into the variable K.

GETKEY FK:
CHSE

T
T
T
T
imniaia
iniunlt
i
e

E

E ML
EFASE :

STOk |PACE| & PRGE Al |EREP

A CASE statement is then used to check for the use of the arrow keys. Notice
the lack of colons (:) after each END in the CASE statement.
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If the left or right arrows have been pressed (keys 34.1 or 36.1) then the line
is ‘twisted’ by changing the value of M. If the up or down arrows have been
pressed (keys 25.1 or 35.1) then the line is raised or lowered by changing the
value of C. See the manual for more information on the GETKEY and CASE
commands and on key values.

The final check in the line UNTIL K==105.1 END: is to see if the user has
pressed the ENTER key. If so then the loop will terminate and the screen will
erase. If not then the loop begins again with the new line being displayed.
On termination of the program the VIEWS menu will display again, because
we chose this when designing the aplet in the ADK.

This aplet illustrates most of the commonly used programming techniques. If
you would like to gain experience then | suggest that you do as | did -
download aplets and pull them apart to see how they work.

If you would like to further enhance this aplet then try the following:

- change the order of the code so that the labels are drawn after the line,
thus ensuring that the text is never obscured by the line.

- add a new variable D to allow the size of the increment to change. Set an
initial value of D of 0.5 at the same point as the values of M and C. Then
change the lines above so that D is added/subtracted instead of 0.5. Add
two more IFs to the CASE statement so that if they press ‘+’ the
increment doubles, and if -’ then it halves. You will also need to add
another message box line telling them about this. Finally, add a line to
display the current increment size at the top right of the screen using the
DISPXY command.

The explanation so far should help you in understanding the programming
process on the hp 39g+. The aplet structure is well designed and, if you take
advantage of the VIEWS menu structure, offers easy creation of complex and
very powerful teaching aplets. Certainly what has been discussed here is
enough that a programmer will be able to make a start without some of the
errors that | made.
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PROGRAMMING COMMANDS

All programming commands can by typed in by Bz crnarar commaND:
hand but, as with the MATH commands, can CHECE

also be obtained from a menu. Press SHIFT Brranch SELECT
CMDS to display this. Ei:gﬁl?g - EEEEEEES i

In this section | will only be covering those commands which | have used
regularly and so regard as important. These may not be the same as the
ones you regard as important. If so, consult the manual.

The Aplet commands

These control aspects of the aplet.

CHECK n, UNCHECK n

These commands put or remove a check next 'i'ié'é'lé'i'fET"c mﬂ'_iﬁ"'ﬁ -------------------
to the equation whose number is given by n. CHECE 1: )

An interesting bug is actually quite useful: if
you UNCHECK 0 then all equations are
unchecked instead of only equation 0.
Unfortunately the same is not true for the
CHECK command. As they say in the trade: “It's not a bug, it's a feature!”.

SELECT <name>

o ; i DEFO PROGRAM
This is used to set the active aplet if CELECT Funct ion

necessary. Ifthe name has spaces initthenit [EELECT "Quad
must be enclosed in quotes. This is not usually [E*Plorerts
required as the program will normally be called
by the active aplet anyway. | have only used it
with ‘stand-alone’ programs not attached to an
aplet so that they can temporarily ‘borrow’ abilities belonging to an aplet.
However, it could also be used to create an aplet that had two ‘parents’ if you
required it to inherit abilities from both. You could then swap from one parent
to the other using this command. This could be quite cumbersome but might
add some powerful features.
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SETVIEWS <prompt>;<program>;<view number>

This absolutely critical command is covered in great detail on page 214.

The Branch commands

IF <test> THEN <true clause> [ELSE <false clause>] END

Note the need for a double = sign when
comparing equalities. Any number of
statements can be placed in the true and false
sections. Enclosing brackets are not required.

CASE <if clauses> ...END:

This command removes the need for nested IF
commands but is only worth it if you have
more than two or three nested IFs. Note that
colons are not required for the ENDs which
terminate the internal IF clauses.

.................. DEHD FHDGHF'H e
IF H==5 THEM

=1 =1
FLSE

rE:
FHD

DErMO PROGKEAM

A=d THEM ZBE: EMD
A>@ THEM ZBE: EHD

IFFERR <statements> THEN <statements> [ELSE <statements>] END

This can be used to error trap programs where
there is a possibility of something going wrong
which would normally crash the program, such
as evaluating a function at a point for which it
is undefined. By trapping the suspect code
you can supply an alternative which will

.................. DEHD FHDGHF'H e e e
IFERF FlcxamA: THEH
MSGEOX"L "
FLSE

R ol T [ -
FHO:

ndef.":

perform some other action. This will tend to make your programs more user

friendly and is a very good idea!
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RUN <program name>

This command runs the program named, with
execution resuming in the calling program
afterwards. If a particular piece of code is used
repeatedly then this can be used to reduce
memory use by placing the code in a separate
program and calling it from different locations.

.................. DEHD FHDGHF'H
FLUH Small:
FUN "Input walues":

See the SETVIEWS command for information on how to link a program to an
aplet when it does not appear on the primary menu. Note that if the name
has spaces in it then it must be enclosed in quotes.

STOP

This command can be used to abort execution
of a program. Control resumes in the HOME
view.

The Drawing commands

DErMO PROGRAM
IF_A==8 THEH
OF :

ARC <x-center>;<y-center>;<radius>;<start angle>;<end angle>

screen. It uses the current values
in the PLOT SETUP view as the
screen coordinates and the
settings in the the MODES view for
angle format. This command is VERY slow.

BOX <x1>;<yl1>;<x2>;<y2>

................... T PR
This command draws an arc on the PFC BiBiZiBim z:

This draws a rectangular box on
the screen using (x1,y1) and
(x2,y2) as the corners. The
coordinates are relative to the
settings in the PLOT SETUP view.
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ERASE

This command erases the current display screen.

FREEZE

This command halts execution until the user presses any key.

LINE <x1>;<y1>;<x2>;<y2>

This draws a line on the screen using (x1,y1) and (x2,y2) as the ends. The
coordinates are relative to the current settings in the PLOT SETUP view.

PIXON <x>;<y> and PIXOFF <x>;<y>

This command turns a pixel point on or off at the specified point. The
coordinates are relative to the current settings in the PLOT SETUP view.

.................. DEHD PHDGHFIH
TLINE <x1>;<y1>;<x2>;<y2> %E?EE'fé}i?ih

This command is the same as LINE
except that the line drawn reverses the | ____ . .
current set/unset value of all pixels. It

can be used to erase previously drawn lines.
One of the aplets on The HP HOME view (at

http://www.hphomeview.com) is called “Sine
Define” and contains extensive use of this command.
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The Graphics commands

See the chapter “Programming the hp 39g+” on page 226 for examples
illustrating some of the graphics commands used regularly.

The Loop commands

FOR <variable> = <start value> TO
<end value> [STEP <increment>] <statements> END

................ FORNERT PROGRAM i

This is a standard FOR...NEXT command. FOF: I=1|_a '_I'III 58 STEF 5;

The STEP value is optional and is assumed to EH[I).SP F1

be 1 if not stated. Whatever you do, don'tuse  FOR_I=18 TO 4&j
NEXT to terminate the loop! It doesn’t register EH[I:SE SHUE
as an error but all sort of strange things STk |5

happen!

DO <statements> UNTIL <test clause> END

This loop executes the statements within it D?HPLIT M3 "ITERATE":

H IIH:II-II unE‘jll-lEE:
until the test clause evaluates as true. It must H%IIEHEHT':H}: A0

execute at least once. The example right
checks for a positive integer from the INPUT
statement. To be even more user friendly you
could let the user know what they had done wrong by adding another few
lines of code within the DO loop of..

IF INT(N)®N OR N0 THEN

MSGBOX “Enter a positive integer only”:
END:

WHILE <test clause> REPEAT <statements> END

This is similar to the DO...UNTIL loop except that the test clause is evaluated
before starting so that the loop may not be executed at all.
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BREAK

This command will exit from the current loop, resuming execution after the
end of it. There is no GOTO <label> command in the language.

The Matrix commands

EDITMAT <matrix var>

This command pops up a window in which the user can edit or input a matrix
with an LIl key at the bottom. When the user presses IEIAll, execution
resumes after the EDITMAT statement.

REDIM <matrix var>;<size>

This command is very useful if the size of a [I:E:I:IH-?EHD PROGRAM S
matrix is not known in advance. The user FECIM M13C2,3%:

might be prompted to input the size and then
these values used to resize it. Note that the
dimensions must be supplied as a list variable.
The SIZE command can also be used in this
context as it returns a list variable when used with a matrix.
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The Print commands

These commands are supplied for use with the battery operated HP infra-red
thermal printer that is designed for use with the hp 38g, hp 39g, hp 40g and
hp 39g+.

PRDISPLAY

If you place this command in a program then the current display will be sent
to the infra-red printer.

PRHISTORY

This command, whether issued in the HOME view or in a program, will send
the entire contents of the History to the infra-red printer.

PRVAR <variable>

This command, whether issued in the HOME view or in a program, will send
the value of the variable to the infra-red printer. This can be used to capture
and send images of graphs without need for programming as follows:

= set up the graph or image as required

» press ON+PLOT to capture the image and store it in grob GO

* in the HOME view, issue the command PRVAR GO.
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The Prompt commands

BEEP <frequency>;<duration>

This will use the piezo crystal in the calculator to create a sound of the
specified frequency for the specified duration (in seconds). The resulting
frequency is not terribly accurate, varying by up to 5% from one calculator to
the next and depending also on the temperature.

/ -okT: \

: : : ; 261. 6PC:

The frequer)0|es of the twelve seml.-tonejumps in 12 HTHROOT 2MR:

the harmonic scale form a geometric sequence, R2CHkD:

and since the ratio from C to C' is 2, the ratio for RNE:

each semi-tone must beX/2. The standard A

frequency used in tuning instruments is usually RZAME:

440 cycle/sec for the note A. Since much of the K J

simple music used by students is written using the BEEP F3T-2:

scale of C, | use 440/ (¥/2)° to find the frequency BEEF G5 T-2s
BEEP Gs T-2:

of C as 261.6 cycles/sec. BEEP Py T2+
BEEP Gs2.5T:
i

We can use this to form a standard ‘header’ for BEEP A3 T-2:

any program we want to use to play music. The BEEP G5 I-2:

header shown right in the rounded box sets up the BEEF Fs1.5T:

scale of C major. The code which then follows plays the first two bars of the
tune “Strangers in the Night”.

In this header, the duration of a note (T) is set to 0.5 seconds. Itis easy to
change the tempo of the music by adjusting this. In this case you may find
that the music sounds a little better with T set to 0.55 or 0.6 seconds. T is a
crotchet, T/2 a quaver etc.

CHOOSE <variable>;<title>;<menu option1>;....

This command PODS Up @ menu with EH:_ ........ DEFD PROGEAM ey
the title specified and with however CHOOSE Cy"TITLE";
many options follow. The number of ..Hgmé..; Ttemz"3

the menu option highlighted when the
user presses MM is returned in the
variable. The initial value of the
variable before the CHOOSE statement Item=
determines which option is initially highlighted.

TITLE

Iteml

240



This value must be a valid one. Assigning an initial value outside the range of
the menu may crash the program. If the user presses CANCL then a value
of zero is returned but the program will still continue to execute from that
point unless you include code to terminate it.

DISP <line number>;<expression>

DEMO PROGRAM

This command breaks the display up
into 7 lines and allows output to them.

Using the DISP command on a line
wipes that entire line to the right hand end of
the screen before display. This means that it is
not possible to use DISP to ‘edit’ material already present. The DISPXY
command should be used for this purpose.

DISPXY <xpo0s>;<ypos>;<font>;<expression>

This command displays the text/object/result contained in <expression> at
the screen position specified using the font specified. An extensive example
can be found in the chapter “Programming the hp 39g+” on page 226.

DISPTIME

[DEG) FUMCTIOM
This command pops up a box displaying the 12. ?'EIEQE?'EEEEHEI 95
calculator’s internal time and date. These can [BE[3ar45:79 PH [ |
be set by storing values to the variables Time ==—==2995
and Date. Suppose the current time is 3:46:29 [ISFTIMNE+

pm on the 1% of December, 1998 then you
would store 15.4629 to Time and 12.011998 to Date.

GETKEY <variable>

This pauses the execution until the user presses a key and stores the code
for the key into the variable for later use. See the manual for how the value
of the key changes according to whether it is pressed with or without the
SHIFT or ALPHA keys. A key code of 53.1 would mean row 5, column 3 and
unshifted. It can’t readily be used for games because execution pauses
instead of continuing in the background.
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INPUT <variable>;<title>;<prompt>;<message>;<default value>

DErOD PROGRAM

This command puts up an input view Eﬁflﬁllnnuﬁ,awi;lﬁlﬁﬁ; .ég:

which can be used to obtain responses | s F7 TITLE
from the user. The degree of control
over appearance is quite high as canbe L " E I
seen in the example. 10k =

HHAT 15 H?
If you want the default value to be whatever EDIT CAMCL]| OK
the user last input then use INPUT N;........ ;N instead. If you do this then you

will need to store and initial reasonable value into N before the first use of the
INPUT command.

MSGBOX <expression>

.................. DEMO PROGEHA M Somkes

This puts up a box with the WS--E?ﬁr"mﬁhent ered

text/expression you specify. If you want

a newline character then just enclose a

pressing of the ENTER key within the You entered Z@
| | OK

PROMPT <variable>

DEHD FHDGHHH ...................

This is a short form of the INPUT FROMFT H
statement for those that don’t require | s PROMPT FOR N
such precision of control over N EE I

appearance. The default value is the

current value of the variable.

EMTEFE WAHLUE FOE M

WAIT <duration>

This command pauses execution for the specified number of seconds.

Calculator Tip
This list does not cover anywhere near the full range of
commands, but it does cover enough that a competent

programmer will be able to work out the rest
independently. It is also enough that an enthusiastic
amateur will be able to accomplish the more common
tasks required in programming the hp 39g+.
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THE MATH MENU FUNCTIONS

The MATH menu is accessed via the key below the APLET key. Any time that
you are typing a value into any formula or setup screen you can insert

mathematical functions via the MATH key.

The MATH menu is divided up into sections by mathematical topics. These

topics are:

Real - rounding, roots, conversions and % functions.

Stat-Two - bivariate functions.

Symbolic - functions for manipulating equations and symbols.

Tests - used in programming more than normal work.

Trig - sec, cosec etc.

Calculus - integration and differentiation

Complex - functions to manipulate complex numbers.

Constants - e, i and various others. Of more use in programming.

Hyperb. - the hyperbolic trig functions.

List - functions allowing manipulation and creation of lists of
numbers, including columns of stats data.

Loop - iterative functions.

Matrix - a rich collection of functions to manipulate matrices.

Polynom. - another rich collection, this time to manipulate
polynomials.

Prob. - functions used in probability calculations.

Some of these functions have little application at school level and will not be

covered here. Others will be covered to varying depths. Anyone needing
those not covered will find that after reading this manual they can be
relatively easily deciphered from the manual that comes with the calculator.

The mechanics of accessing the MATH menu is
very simple. We will illustrate the process
using the Polynomial function POLYFORM,
which is an extremely useful one. Change into
the HOME view and then press the MATH key.

When you do you will see the screen on the
right. The menu always first appears with the
Real functions highlighted.
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We could use the arrow keys to scroll down to the Polynomial functions but it
is far faster to simply press the key labeled with the letter ‘P’ (on the ‘5’ key).
It is not necessary to press the ALPHA key first. You will notice in the screen
on the right that there are two groups of functions beginning with a ‘P’ - being
Polynomial and Probability. To reach Probability press the ‘P’ key again.

Once you are in the correct group, press the right arrow key to move into the
list of functions belonging to that group. Once again you have a choice of
using the arrow keys or the key corresponding to the first letter of the
function. Pressing the right arrow key again
will move down the functions a ‘page’ at a T :
time. In this case, since every single function :m* POLYC
in the Polynomial group begins with a ‘P’, and HEE‘? PDLEE"'HL
there is only one ‘page’ of them, there is no

difference between the methods. Move the
highlight down to POLYFORM and then press
the ENTER key RAD| FUHCTION

nnnnnnnnn

Your HOME view should now look like this. You
will notice that the first bracket has already POLYFORMC
been inserted for you. =TOk

Complete the expression...
POLYFORM((X+2)A5-(3X-1)A2,X) (using X’ key to get ?)

and then press the ENTER key.

You will find that the expression (x+2)° —(3x—1)* has been expanded on the
following line to XA5+10%*XA4+40%*XA3+71%. . .etcC

o 4 2 z
There are two ways of seeing the complete n 1B +4EE T+ +8E
result.

You can move the highlight up to that line and ElI#ll it. You could then move
back and forth through the line using the arrow keys to see it in full.

A better method is to press the screen key labeled ELITH. This gives (after a
pause) the result shown above. The portion off the edge of the screen can
be seen by scrolling right using the arrow key. More details will be given of
this POLYFORM function in the Polynomial group when we get to it.
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On the pages which follow we will look at most of the functions in each group.
Some of the functions are not likely to be used at school level and so will not
be covered since this book is primarily aimed at teachers and students of
high school, as is the hp 39g+. If you need the higher level commands then
consult the manual.

You can obtain ‘help’ for any function in the FAD FYFUNCTION
HOME view by using the SYNTAX key to obtain DISPEY

the word HELPWITH and then typing the {f{{iiéﬁi Fefontd#:
function name. An example is shown right for - -

the DISPXY command. Thus this is saying that HELPWITH D1SPRT 4

: L Ok
you have to type x and y coordinates, followed
by a font number and the item or items to be displayed.

There is a limit to how much this HELPWITH statement will aid a normal user
of the calculator, since these syntax statements are usually more suited to a
programmer type than to a student.

One piece of terminology that will be used in this section of the manual is

‘argument’. The arguments of a function are the pieces of information it is
expecting you to feed it before it will give you an answer. These might be
numbers, variable names, lists, matrices or algebraic expressions.

IRAD] FUMCTIOM ey
The calculator will not guess what you mean. & Iroalid
If you don'’t feed it the information it requires FIMN™ Sunt 3
then it will simply give you an error message. - 3

IR I3 )4
Ok |

For example, the function MAX expects two lﬁﬂﬁ_ 15IE:FUHETIDH g
arguments, both of them numbers. Feeding it ) 15
only one (or more than two) will produce the FMAXCAL B2
result shown right. 13

FTOk

These numbers could also be the contents of memories. Suppose you have
stored 10 in memory A and 15 in B. Then MAX(A, B) will give 15.

Finally, if you look at the screenshot at the top of the previous page you will
see that is another set of menus available via the IHLE key, which stands for
Constants. Pressing this key result in a different menu being displayed,
which shows the ‘Program Constants’. You can try it if you like but the
values listed in these menus are generally only of use to programmers.
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MATH FUMCTIOME 3

Bl . Feal RN
The ‘Real’ group of functions Stat-Two |DEG+RAD

Sumbolic |FLOOR :
Test=s wIFHROOT

MTHu| COME

CEILING(<num>)

This is a ‘rounding’ function but different in that it always rounds up to the
integer above. Mainly of interest to programmers.

[FAD| FUHCTION 1
Eg. CEILING(3.2) =4 C12+I60-7 PP,
CEILING(32.99) = 33 .
CEILING((12+T6)/7) CEILIMGCC1Z2+l60-72 3
= CEILING(2.0642.) = 3
Note: CEILING(-2.56) = -2not-3. The |gmm
CEILING function rounds up to the next
integer above, which is -2.
See also: ROUND, TRUNCATE, FLOOR, INT
Ril FUNCTION s i
DEG->RAD(<deg>) [EG+RADC 36D
DECSRADCIERS
_}
This function converts degrees to radians. 2. 14159265359
Eg. DEG=+RAD(30) = 0.5235.. STOF
DEG>RAD(180) = 3.1415926.. B HOME MODES
AMGLE MER:URE:
HUMEEE FORMAT: St andard
DECIMAL MARK: Dot o,
See also: RAD—+DEG, HMS-=, —=HMS
CHOOSE AMGLE MERSURE

FLOOR(num)

HESSE FUNCTION SYMEOLIC WIEW S35
This function is the same as the CEILING ~" =FLI:II:|E-:H:-
function, except that it always rounds down.

Eg. FLOOR(3.75) = 3
FLOOR(45.01) = 45
Note: FLOOR(-2.56) = -3 not -2.

The FLOOR function is the same as the

mathematical function ‘greatest integer’ which -6.5 6.5
is studied in many mathematical courses. —
If you want to graph the greatest integer el Floda: o [EHL|

function then you will need to use the PLOT SETUP view to turn off CONNECT
first, since the graph is supposed to be a discontinuous step function. The
result with CONNECT turned on is not good.
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FNROOT(express.,guess)

[RAD| EFUH':T"]H
This function is like a mini version of the Solve T e
aplet. If you feed it an algebraic expression FHROOT CHE-3%K-0, 8, -32
and an initial guess it will start from your guess - 1. 1925824835

and find the value which makes the expression |
zero. Don'’t bother. It's a lot easier to use the

Solve aplet. This is a tool for programmers so that they can access the Solve
abilities within programs.

You need to tell it what variable to expect in Lifild FUNCTION

the expression, in addition to providing it with [ Moo ¢BoEmImERloA L.
an initial guess. If there is only one answer FHROOT CA+3%B-S5.B, 50
then any guess will do, but if more than one 1. BEEEEEEEEE

solution is possible then more care needs to |

be taken with your guess to ensure that it is in
the neighborhood of your desired solution.

Eg. (a) Solve x*-3x-5=0
Use: FNROOT (X*-3X-5,X,2)
d -
(b) Solve §_S_T+1

Use: FNROOT(D/3-5-3D/4-1,D,0)

As with Solve, if your expression involves more than one variable then
whatever values are currently in memory are used for the other variables.

See also: QUAD, POLYROOT

FRAC(num)

This function gives the decimal part of any number, discarding the integer
part.

[FAD| FUHCTION | |
FRACCS. 45 o

Eg. FRAC(3.45) = 0.45 FRACC 1234, B34565
FRAC(1234.03456) = 0.03456 . BE456

=TOk
See also: INT,FLOOR,CETLING,ROUND, TRUNCATE, FRAC
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HMS = (dd.mmss)

This function works with time and angles. It converts degrees, minutes and
seconds to degrees, and also hours, minutes and seconds to decimal time.

4%3323 (=5 FulHFl’:Tgrl‘E-EE

+ -~ + -~

Thoe c’alc”ullator can c'ormvert a value such as A1
452317" if you put it into the form 45.2317 HMS+C 45, 22172

and then use the HMS = function. 45, 2EEASSS55

Eg. sin(452317") would be done as m

SIN(HMS = (45.2317))
cos(537") would be done as COS(HMS+(5.0307))

This function, together with +HMS, can also be used to deal with time.

Eg. Whattime will it be 1 hr 34 min. and 15 sec. after 6> cte. 63>t 54,
3 min. past 6 pm? Hmscia.szaéaaa?gggﬂ

Type: HMS—»(18.03)+HMS>(1.3415) |

Ans: 37 min. 15 sec. past 7 pm. (see right)

See also: »+HMS, RAD-DEG, DEG->=RAD

+HMS(num)

FUMCTIOM

FAD|
This function works in the same way as the FHMSCLS. 50 15,
HMS = function but in the opposite direction. It EHMSE45, 322A555555)
converts decimal degrees (or time) to degrees 43. 231

(or hours), minutes and seconds. The format of |
the returned answer is DD.MMSS (HH.MMSS)

Eg. 15-5 would become 15-3, meaning 15 30'.

45.38805555 > 45.2317 (452317")
3.75 hours = 3.45 (3 hours 45 min.)

See also: HMS—», RAD-=+»DEG, DEG->RAD

248



INT(num)

This function is related to the FLOOR and
CEILING functions. Unlike those two, which
consistently move down or up respectively, the
INT function simply drops the fractional part
of the number.

Eg. INT(3.786)
INT(-5.84)

3
-5

RAD FUNCTION
INT 3. V3862

INTC-5.842

M

See also: FLOOR, CEILING, ROUND, TRUNCATE, FRAC

MANT(num)

This function returns the mantissa (numerical
part) of the number you feed it when
transformed into scientific notation. It would be
used with the XPON function, which returns the
power part of the number in scientific notation.

RAD] FUMCTION
FMIAMT C 427, 220
4.872
FIAMT ¢ . BEE58E7
2. 85

m

Eg. Change 487-23 into scientific notation to get 4-8723x10°.

MANT(487.23) = 4.8723
XPON(487.23) = 2

Change 0-0005087 into scientific notation to get 5-087x10™.

MANT (0.0005087)

5.087
XPON(0.0005087) -

4

See also: XPON

MAX(num1,num?2)

This function returns the larger of two values
entered. This is not needed in your normal
calculations, since you could just look at the
numbers, but a programmer will be writing a
program which deals with numbers not known
in advance.

Eg. MAX(3,5) =5

See also: MIN
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MIN(num1,num?2)

As with MAX, this function is used mainly by
programmers. It returns the smaller of the two
numbers entered.

Eg. MIN(3,5) = 3

See also: MAX

num MOD divisor

For those not familiar with modulo arithmetic, it
will suffice to say that this function gives you
the remainder when one number is divided by
another. It is considered to be an
mathematical operator in the same way that a
plus, minus, times or divide sign is. Because

RAD| FUNCTION
FIRA 300

FITHCZ, 50

m

EANEG| HOME
43 MOD 5 3
-14 MOD 5

1
il I N N

of this it does not need its arguments placed in brackets as most of the other

functions in the MATH menu do.

Eg.

% function

To find x% of y, use the function %(X, Y).

Eg. 10 % of $400 = $40

See also: %, %TOTAL, %CHANGE
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%CHANGE

This function calculates the percentage
change moving from X to Y using the formula
100(Y-X)/X. It can be used to calculate (for
example) percentage profit and loss.

Eg. |buy a fridge for $400 and sell it for $440.
What is my profit as a percentage?
Use: %CHANGE (400,440)

FnEG) HOME
HOHAMGE C 488, 4483

16
XCHANGEC&. 5, 5. 952
-8.46133846134

[ELC TN I I N B

| sell a toy for $5.95 that normally sells for $6.50

What is the discount as a percentage?
Use: %CHANGE(6.50,5.95)

See also: %, %TOTAL

%TOTAL

To find out what percentage X is of Y, use the
function %TOTAL(Y,X). Note the reversed
order.

EANE] HOME [
ATOTALCS1,532

2. 4320927834
ATOTALC112, 12492

118. 714285714

[ESITN I I N N

Eg. What percentage is a score of 53 out of 81 on a test?

Use: %TOTAL(81,53)

What percentage is 124 of 112?
Use: % TOTAL(112,124)

See also: %, %CHANGE

RADDEG(rad)

This function converts radians to degrees.

Eg. RAD-DEG(m/6) = 30°
RAD->DEG(5) = 286.48°

See also: DEG-+RAD, HMS-, ->HMS
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ROUND(num,dec.pts)

This function rounds off a supplied number to
the specified number of decimal places (d.p.).

Eg. Round 66.65 to 1 d.p.
Use: ROUND(66.65,1)=66.7

Round 34.56784 to 2 d.p.
Use: ROUND(34.56784,2)=34.57

This function is also capable of rounding off to
a specified number of significant figures (s.f.).
To do this, simply put a negative sign on the
second argument.

Round 32345 to the nearest thousand.
Use: ROUND(32345,-2) = 32000

Round 3405.63475 to 6 s.f.

%ﬂ HOME

BE. T
ROUMDCZ4 . 26784, 22
34.57

[zT0k] | [ COPY[SHOW] |

#[IH HOME (AF
ROUMDZ22345, -2
S2E0H

ROUHDC 3485, 63475, —62
3485, 63
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Use: ROUND(3405.63475,-6) = 3405.63

See also: INT, FLOOR, CEILING, TRUNCATE, FRAC

SIGN(num)

Another function designed more for
programmers, returning a value of +1, 0 or -1
depending on whether the number supplied is
positive, zero or negative.

Eg. SIGN(-45) = -1

See also: XPON, MANT

Note: See also SIGN in the Complex
group of functions (page 263).
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TRUNCATE(num)

Ez{DE| HOHE L
This function operates similarly to the ROUND UL RIS R G Egzg% E%
function, but simply drops the extra digits TRUHMCATECZZ2.889, 1
instead of rounding up or down. It is 3Z.8
somewhat similar in effect to the FLOOR ]
function but the TRUNCATE function will work STEL__L__|__

to any number of decimal places or significant figures instead of always
dropping to the nearest lower integer value.

Eg. TRUNCATE(3405.6375,-6) = 3405.63
TRUNCATE(32.889,1) = 32.8

See also: INT, FLOOR, CEILING, ROUND,FRAC

XPON(num)

This function returns the exponent (indicial RAD| FUNCTION
part) when transformed into scientific notation FIRHT 457, 232 4. o7oo
of the number you feed it. It would be used MAMT ¢ . 8885837 »
with the XPON function, which returns the 2. B2
power part of the number when in scientific

notation.

ETOk

Eg. Change 487-23 into scientific notation to get 4-8723x10° .

MANT (487.23) 4.8723
XPON(487.23) 2

Change 0-0005087 into scientific notation to get 5-087x10* .
MANT(0.0005087) = 5.087 XPON(0.0005087) = -4

This function could be of use to you if you are just learning scientific notation,
but is of more use to people writing programs. A normal user would just look
at the number and see the answer, but a programmer would not know in
advance what number was going to be used and so might use MANT and
XPON.

See also: MANT
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The ‘Stat-Two’ group of functions

Sumbolic
L

PREDY (x-val) FMTH=| CONE

This function predicts the y value for a pair of columns set up as bivariate
data in the Statistics aplet. This is discussed in more detail in the section
covering the Statistics aplet, but a brief summary will be given here.

It assumes that:

(i) the bivariate data is entered into a pair of columns (eg. C1 and C2, with C1
containing the independent data and C2 the dependent data),

and (i) that these two columns have been specified in the SYMB view to be paired
bivariate data,

and (iii) that this data set has been graphed in the PLOT view and that the FIT screen
key has been used to plot the line of best fit for the pair of columns,
- o P hEG) HOME A
If these conditions are satisfied then the JTe2e—4>
function PREDY (3. 5) will produce a predicted PRED (2 5}2' TN
y (dependent) value for the x (indep.) value of " aE . ATES1STRIS
3-5.
LT I D D N

Calculator Tip
The line of best fit used in the function PREDY is whichever
one was last plotted. Itis up to you to ensure that this is in

fact the one you want used! It is far easier and more
reliable to use the facilities provided in the PLOT view (see
page 140) to calculate PREDY values.

PREDX(y-val)

The PREDX function simply reverses the line of best fit. For example, the

equation Y =0.8199X +1.1662 earlier would use X =162

to predict
0.8199

the X values.

Note: See page 146 for important information on this function.
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The ‘Symbolic’ group of functions g a|=
IS0OLATE

LIMEREY
w| AL

The = ‘function’

Although this is listed in the MATH menu as if it were a function, it is not really.
Except in programming, the = sign is simply used in exactly the way that you
would expect it to be, mainly in the Solve aplet. It's easier to obtain the = sign
directly from the keyboard.

ISOLATE(expression,var-name)

This function will rearrange a formula so that its subject is another variable.
To do this, the formula must be rewritten so that it is an expression which
equals zero. The ISOLATE function then rearranges the formula in terms of

that variable. 5 HOTE A
SIGHC. 230 1
. 1 .,
Eg. 1 Rewrite the formula d ==at® in ‘t’. ISOLATECD-A*T2-2, T2
2 s1#I(D%2/A7
. . 1
Firstly, rewrite as:  d —Eatz =0 SN I I N .

Use: ISOLATE(D-AT?/2,T)

The result needs interpretation as the answer should be T =+, /% . Firstly,

the ‘T="is missing and secondly, the symbol ‘S1’ stands for the + sign.

Eg. 2 Make X the subject of the formula B= (X_3A) .
L P T D
L _ —A%Te~
UlSIng-.ISOLATE(?)/(X A)+B,X) Sl*IiE‘*Ea"’H:'
gives: 3/-B+A ISOLATEC S CH—Aa+E, ®)
. -3 2<—B+HA
equivalent to: X =—+A.
B LI I I D
The ISOLATE function is very useful within its ~ [EEEH HOME A E
R S ! SIGHC. 232
limitations, but it will not deal with a lot of A& Unable o 1
formulae. See right: D™ 1oo1ate %
See also: The Solve aplet, FNROOT, QUAD [SOLATECSR® 46—, H:&
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LINEAR?(expression,var.name)

This is another of those functions which is probably aimed more at the
programmer than at the normal user. It is designed to test whether a
supplied expression is linear or non-linear in the variable you specify,

returning zero for non-linear and 1 for linear.

Eg. Suppose we use the expression AX*-B+4

If Xis the variable and A and B are both
constants (say A=4, B=5) then the

expression AX?—-B+4 would become
4X?-5+4 which would be non-linear. Thus
LINEAR? returns zero (right).

On the other hand, if X were one of the
constants (say X=6) and A were the variable,

then the expression AX?-B+4 would
become Ax6°—-5+4 or 36A-1, which is
linear. Thus LINEAR? would return 1.

EAEG| HOME A

[SOLATECS, Cin—Ha+Ey 12
2--B+A

LIMEAR?CA*<2—B+d, ®2

IESTTN I I I B

EAEG| HOME A |
LIMERRT CA*HE=B+d, k2
LIMEAR?CA*<2—-B+4,H2

IESTTN I I I B

The main use for this is going to be when a programmer does not know in
advance what function the user is going to type in.

QUAD(expression,var.name)

This function uses the quadratic formula

« —b++/b*-4ac
2a

quadratic, using the ‘S1’ formal variable to
represent the + symbol. The quadratic is

to give both roots of a

A DES] HOME (AE:
RURD CHE=d%x=0, K2
Cd+z]*as2

BURD CS#mE+2%0—"T, 5]
[-2+=s1#16. 583308524432,

[ELC TN I I N B

entered as an expression, and you must indicate which variable is being
solved for, since you could have an equation such as Px*+Qx—-5=0 where
P and Q were memory values, and you would need to specify to solve for X.
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Eg. Solve x*-4x-5=0

4+6
Use QUAD(X:-4X-5,X) X = >
Answer: (4+S1*%6) /2
B 4+6 or 4-6
It is now up to you to interpret this algebraically as: 2 2
=50 -1

If you are simply after the roots of the quadratic then it is far better to use the

POLYROOT function (page 284). If you would like a solution such as

3+\/g

rather than 2.6180 then the advantage of QUAD is that you can COPY the
result, edit the line to remove all but the decimal root and square it to find the

original discriminant.

The QUAD function does have one advantage
over other methods, in that it will give a
complex number solution to quadratics which
have complex roots. This may well make it

EEEG| HOME A |
LA C3EHE+280—F, K]
C-2+=s1%168. 53388524430,
CUAC C3EME+2 %5+, 20
C2+s1%0H, 18, 198683962.,

IELCTH I N B N .

worth using in problems where a complex
answer is acceptable or required. Complex numbers are expressed on the
hp 39g+ in the form (a, b) representing a + bi. Thus the answer to the

i, S
second quadratic shown above would represent % with the +-112

written as a complex number.

See also: FNROOT, LINEAR?

QUOTE(var.name)

Intended for use mainly by programmers. Programmers sometimes want to
store a function such as X*-4 into one of F1(X)...F9(X) using B, It turns
out that if you use F1(X*-4) then it won’t be entered symbolically. Instead,
the contents of X (a number) is entered substituted and the expression
evaluated to give a numeric result. The QUOTE function fixes this. For
example, QUOTE (X)?-4kF1(X) will ensure a symbolic result.

An easier method of storing a function into an aplet in a program is to
enclose it in single quotes. For example ' (X)*-4"®F1(X) would serve the
same purpose as QUOTE (X)?-4kF1(X) . On the other hand, entering
F1('X") will not work but F1(QUOTE (X)) will. See Example 1 on page 217
in the chapter “Programming on the hp 39g+” for an example of use.
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The | function written as: expression | (varl=value,var2=value,...)

This is called the ‘where’ function. The reason for this is that it is used to
evaluate formulas, of the type when one would say “Evaluate ....., where a =
5, b =4 etc”. The formula must be in the form of an expression rather than
an equation. You should enter the equation first, then the ‘where’ symbol
and then the values of all the variables in the expression. Any not supplied
will be evaluated using the value currently stored in that memory. This is
again a function which is of more use to programmers since this is probably
more flexibly handled in the Solve aplet.

Eg. 1 Evaluate a=% where b=6, c=-2and d=8

#ME HOME [

Use: (B+C)/D| (B=6,C=-2,D=8) [‘B*C2/DItB=6,L="2,D=6]
Answer: 0.5 LSERA*TE | EA=9.8, T=52

17V6.4

HiTl I I

Eg. 2 Using the formula d :%atz , find the distance d which an object

would fall under Earth’s gravity of 9.8 m/s? in a time of 6 seconds.

Use: .5AT?| (A=9.8,T=6)
Answer: 176.4 meters

See also: ISOLATE
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The ‘Tests’ group of functions

SEmb-:nl ic |==

MTH=| COW=
These are all functions which are of interest only to programmers, and
consequently we will not cover them here.

An introduction to programming on the hp 39g+ is covered in an earlier
chapter (see page 212) but those wanting more detail than is given there
must consult the manual. If you want more information then download aplets
from the internet and dismantle them.

The ‘Trigonometric’ & ‘Hyperbolic’ St at ~Two&|ACOT s

N gono e.t ¢ & ‘Hype bolic Sumbolic |ACSC

groups of functions Teszt= ASED _
coT ¥

MTHu| COME

These two groups of functions cover the Trigonometry functions, plus others,
which are less commonly used and which have consequently not been given
their own keys on the face of the calculator. Use them in the same way as
the normal SIN, COS and TAN functions.

COT, SEC etc
In the Trig. group of functions you will find:

Function Inverse function

COT (cotangent) ACOT (arc-cotangent)
CSC (cosec/cosecant) ACSC (arc-cosec)
SEC (secant) ASEC (arc-secant)

In the Hyperb. group of functions you will find (amongst other things):

Function Inverse function
SINH (hyperbolic sine or “shine”) ASINH (arc-hyp.sine)
COSH (hyperbolic cos or “cosh”) ACOSH (arc-hyp.cos)

TANH (hyperbolic tan) ATANH (arc-hyp.tan)
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Some further functions are available in the Hyperbolic group of functions.
They are duplicates of functions available on the face of the calculator but
give more accurate answers. They would primarily be of use to those
people, such as architects and engineers, for whom high accuracy is

paramount. These are:

EXP(num)

This function gives a more accurate answer

HOME 2
1.8202681 34063
1.826281 234063

EDEG]
ExFC.822
=R = e

IESTTN I I I N

than the key labeled eA which appears above the LN key on the calculator.
As you can see on the right, the difference is normally not detectable even to

12 significant figures.

The difference is only apparent for some
values and even then is hardly earth-
shattering.

ALOG(num)

This function provides the same result as the
key labeled 10A on the keyboard above the
LOG key. It is another function giving greater
accuracy than the one it ‘replaces’. This
greater accuracy would never be required in a
school setting.

EXPM1(num)

FEAES) HOME (A E
ExF {2885

7. 22297 2VeE13ESE
=Ne(s]t)
¥ 22597 3VeEe2ERE

IELCTH I N B N .

EADE| HOME [
ALOG. 2. 2362

226, 98423128
18~2. 3368

226, 986425128
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This function is designed to be more accurate when anti-logging very small
values close to zero. It gives the value not of € but of € -1 (EXPM1: exp
minus 1). You may wonder how this is an advantage, since you must then
add 1 to obtain the correct answer, but a look at the screen opposite will

show you.

As you can see, the normal keyboard function
eA gives an answer to €”® of 1-0000003.
This gives the impression that it is an exact
value (since it doesn’t show a full 12 significant

EADEG] HOME 2
& ABAERES

1. BEEEREAS
ExFM1 C. BaEQE0E3 2

3. 980E80E43E- 7

IESTTN I I I N

digits). The true answer is 1-000000300000045.... but the final digits have

been lost in the rounding off to 12 sig. figures. By giving an answer of € -1,
the leading 1 is lost, freeing the calculator to show more accuracy by
dropping the leading six zeros. This is not normally be needed.
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LNP1(num)

Since the In(x) function is asymptotic to the y axis as x approaches zero, the
natural logs of numbers close to zero are very large negatives, and possibly

inaccurate. The function LNP1 ("In plus 1”). By finding the natural log of x+1
rather than of x, the function becomes able to do its calculations in a domain
in which greater accuracy is possible. This is not something which would

normally be of concern at school level.

The ‘Calculus’ group of functions

PTHS[CHDE[COMS | [CAMCL] OF |

o B T R W
e MATH FUMCTIOM: & i
3

plComplex  [F
Constant [TAYLOR }
—|Hyperb. = -

This group consists of three functions, the first two of which are discussed in
detail in the chapter dealing with the Function aplet (see pages 65 to 83). The
functions are the integrate, or I function, the differentiate, or & function, and

the TAYLOR function, discussed below.

Briefly, a Taylor polynomial allows you to approximate the graph (and hence
values) of a complicated function via a simpler polynomial function. For
example, SIN(X) can be approximated by taking terms from the polynomial:

sin(x)—x—x3+x5—x
T
1 1 s 1 4

=X X=X ———=X"+....
6 120 5040

7
+....

The screen shot on the right shows the
calculator derivin% the Taylor polynomial for
sin(x) up to the 7" power.

The first is calculated with MODES set to
Standard, the second with MODES set to
Fraction 4. The screen shot below shows
the fractional polynomial in more detail after
highlighting it and pressing ELITE.
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The ‘Complex’ group of functions

MTHu| COME

Complex numbers on the hp 39g+ can be entered in either of two ways.
Firstly, in the same way as they are commonly written in mathematical
workings: a + bi. Secondly, as an ordered pair: (a,b).

For example, 3+2i could be entered into the .:?2:. FUNCTIEN
calculator exactly as it is written, with the ‘¥’ o (3al
obtained using the ALPHA key, pressing the £, 20
SHIFT key first to get a lowercase i.

Alternatively you can enter it directly as an STk

ordered pair.

As soon as you press ENTER, the calculator immediately converts the a + bi
form into an ordered pair. The History retains the original in case you need
to ILIE it later for re-use.

RAD MYFUMCTION Sy

The exception is when you enter a complex
number in rcis form using the & (angle) sign on E#COSC w232 +5#5IH T30,
the keyboard. When you do this the calculator [t£. 43393333335, 4. 3381,

converts to a more explicit rcis format as 5, LT3 )4
shown right. Try it.

Complex numbers can be used with all trigonometric and hyperbolic function,
as well as with matrices, lists and some real-number and keyboard functions.

EADEG| HOME i
Just as real numbers can be stored into the LR 1
alphabetic memories A to Z, there are 10 1, 2021
special memories z1,z2..29,z0 which are (1.2
provided to store complex numbers. R —
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In addition to the trig functions, there are other functions that take complex

arguments.

ABS(real or complex)

The absolute function, which is found on the
keyboard above the -X key, returns the
absolute value of a real number.

Eg. ABS(-3) returns a value of 3.

EEDEG) HOME L iz
ABSC-32

3
AESCCZ, 300
2. 689332127546

[ELC TN I I N B

When you use the absolute function on a complex number a + bi it returns

the magnitude of the complex number /a*+b* .

SIGN(real or complex)

This function is part of the Real group but is
very useful with complex numbers and so is
also covered here. If given a vector/complex
number (a,b), SIGN will return another
vector/complex number which is a unit vector
in the direction of (a, b).

. a b
i.,e. SIGN((A,B)) returns ( , J
JaZ+b? Ja?+b?

A RAD] HOHME
Sy 2a¥C1-2%id

Lra—dl

SIGHCCZad22
L.Bsa2l
7] I D D B

This is very useful, not just in complex numbers, but also in vector problems.

See also: SIGN (in the Real group), IM, RE, ARG, CONJ
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ARG(complex or vector)

This function, also found on the keyboard,
returns the size of the angle defined by
regarding the complex number as a vector.
For example ARG(4+2i) would be 26-565.
The same information can, of course, be
obtained using trig.

The reason for the double brackets is that
every function used by the calculator uses
brackets (hence the outer pair) but so too do

complex numbers (hence the inner pair).
Using ARG(a+b1) instead avoids this.

CONJ(complex)
This function returns the complex conjugate.

Eg. If z=2+3, then find the complex

conjugate 7 .
Answer (see right): z=2-3

See also: IM,ARG,RE

IM(complex) &
RE(complex)

These functions return the imaginary and real
parts of the complex number supplied.

See also: CONJ,ARG,RE

Note: As mentioned earlier, a very useful
function (£ ) can be found on the
keyboard as the SHIFT function for
‘subtract’. If you enter a complex number
in (r, 8) form as shown right, then the
calculator will display it in the form
r cos(d) +rsin(@) from, and as an (a,b)
ordered pair. Note the r cos(d) +r sin(0)
form is used only when in radian mode.
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2. 2628511771
ATAMC 242
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HOME ik
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IESTTTN I I N B

PECOSCm-d 2+ SIMCT 40,
CE. 3EdHy 6. 3E4E 0

EE. EEE FUHETII]H e S
PECOSCm g2+ SIHCT 4.,
{6, 36dH, 6. 36480
P E930

LE. 364E, 6. 36400

FTOk




The ‘Constant’ group of functions

These ‘functions’ consist of a set of commonly
occurring constants.

Two of them, MAXREAL and MINREAL are
mainly of use to programmers except for an
important influence on the evaluation of limits
(see page 88). They consist, respectively, of
the largest and smallest numbers with which

L= TIALL

22 FMATH FUMCTION: §
Calculus |e

Caomplex i
EREPT |MAKREAL

—Huperb. wIMIHREAL

MTHu| COME

[DE G| FUMCTION |
FIA*FEEAL

9. 99999999999E 49
[MIMEEAL
1.E-439

FTOk

the calculator is capable of dealing, and are there for use by programmers as
a check to ensure that calculations within a program have not overflowed the

capacity of the calculator.

The other three, =, i, and e, are far more easily obtained via the keyboard.

The first,

7, is available via a key on the face of the calculator above the 3

key. The other two , i & e, are easily obtained as lowercase letters via the
ALPHA key, pressing SHIFT first to get lowercase.

The ‘List’ group of functions

CONCAT({list})

This function concatenates two lists -
appending one on to the end of the other in the
order that you specify.

Eg. L1={2,5,-2,10,3.75}
L2={1,2,3,4,5}

CONCAT(L1,L2)= {2,5,

EHATH FURCTIONG
I:-:-mplex & COMCAT
Constant |aLIST

Huperhb. MAKELIST
- T 15T |-

E:{ DE G| HOME L F
COMCATCL1.L22

{2555_25 1@5 3-?55 1525 2.
COMCATCLZE2,L22

T1lad, 9 16.205 10205080

[ELC TN I I N B

-2,10,3.75,1,2,3,4,5}

CONCAT(L1, {5})KL1 would add another element of value 5 onto the
end of list L1, storing the resulting longer list back into L1.
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ALIST({list})

This function produces a list which contains the differences between
successive values in the supplied list. The resulting list has a length one less

than the original. FAEG) HOME
1.9,V 18,1231

Eg. L1={1,4,7,10,13} L L DR DGR,
L2 3.3230

ALIST(L1)={3,3,3,3}

[ELC TN I I N B

MAKELIST

This function produces a list of the length specified using a rule of your
choice. It is very useful, not only in programming but in statistical simulations
and modeling.

The syntax is: MAKELIST(expression,variable name,start,end,increment)

where expression is the mathematical rule used to
generate the numbers.
variable name is the variable that is to be used

in the expression (any other
letters will be taken constants).

start is the first value that variable name is
be given.
end is the largest value that variable
name is to take.
and increment is the amount that variable name

should be incremented by.
Eg. 1 MAKELIST( X?,X,1,10,2) kL1
produces {1, 9, 25,49, 81 }as Xgoesfrom1to3to5to ...
and also stores the result into L1.

Eg. 2 MAKELIST(RANDOM,X,1,10,1) produces a set of 10 random
numbers. The X in this case serves only as a counter.

Eg. 3 MAKELIST(3,X,1,10,2)
produces {3,3,3,3,3,3,3,3,3,3}.
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The MAKELIST function can also be used to simulate observations on
random variables.

For example, suppose we wish to simulate 10 FTE) T a
Bernoulli trials with p = 0.75. We can use the  [WAKEL IST( Ss s 1a 16, 1
fact that a test like (X<4) or (Y>0.2) returns a T3S 3aZa 3333y 3a 30

: ; ; i MAKELISTCRAMDOM . 73y K
value of either 1 (if the test is true) or O (if the £1,By1alslsls Bylsls
test is false).

[ESITN I I N N

Thus:
MAKELIST(RANDOM<0.75,X,1,10,1)
will return a list of 1’s and 0’s corresponding to the simulated Bernoulli trials.

Various examples of this process are given in the ‘Tips and Tricks’ section
which immediately follows the chapter on Univariate Statistics. See page
130.

ALIST({list})

This function returns the product of all the elements of a list.

Eg. T™WLIST({2,3,5}) wouldreturn a value of 30.

POS({list},num)

#[H HOME s
This function conducts a search of a list. It L1
returns the position in the list of the first POSELY, Eé;a’ J1 718,133

occurrence of the number you specify (see 5
example right). It is of more use to
programmers, who will not know in advance (soe] | | 1 1
what a list contains.

If the number specified is not in the list it returns zero. If the value occurs in
more than one place then only the first position is reported. The value
specified can be either a number (as shown) or a variable or an expression to
be evaluated.
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SIZE({list}) and SIZE(matrix)

This function returns the size of the list or matrix specified. Since normal
users would probably know anyway, and could find out easily via the list
catalog, this is clearly another of those functions which are of more use to
programmers (who won'’t know when they write their program just how long
the list you will ask it to deal with will be when you eventually run the
program). If the object is a matrix then the return value is a two element list
as {rows, columns}.

SLIST({list})

This function returns the sum of all the elements of a list.

Eg. &LIST({2,3,5}) would return a value of 10.

E2{DE| HOME N&EE
REVERSE({list}) ELISTA 2,3y 320 "

REVERSECLZyd, 1,7 1822
18, ¥y l,3.22

This function reverses the order of elements in

a list.
EiTl1 I I B

Eg. REVERSE({2,4,1,7,10}) would return {10,7,1,4,2}

SORT({list})

D] HOME A

SORTCLZ2sda 1,7 1830
. . ) ) . Tle2ady ¥l
This function returns a list that is sorted into REVERSECSORT (<2sds 127
ascending order. C18, ety 2012
T I D D D

If you want the list in descending order instead
then use REVERSE (SORT({1ist})).

See page 147 for an example of using SORT to assign rank orders.
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: HHTLII;GEE;;HHE : i
List & TTERATE

, _ =N (RECURSE
The ‘Loop’ group of functions Matrix |Z
Folynom. =

MTHu| COME

This is an interesting group of functions that may be of use for students
studying discrete functions and sequences.

ITERATE(expression,var.name,strt,num.iter.)

This function evaluates an expression a specified number of times, starting
with a supplied initial value an using the answer to the previous evaluation as
the value for the variable in the next evaluation.

Eg. ITERATE(X*-1,X,2,5) givesan answerof 15745023

%%EFITE':HEHDTE Ha 2 Sbﬂm
This answer is obtained as follows: ' 15%45%3
o i . ) ITERATECHE—1,Ha 1452
initial value: X=2 first iteration
x*-1=3
/ EiTl1 I I B
new value: X=3 second iteration
x*-1=8

e

X=8
NG —?3
new value X=63 fourth iteration
x> —1= 3968

/

new value X=3968 fifth iteration
x? —1= 15745023

new value third iteration

Final answer: X = 15 745 023
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RECURSE ZERUEMCE £YMEDLIC WIEL] S

/L1
This functions is provided for programmers to :Hi EE;;& iH-11%H
let them define functions in the Sequence U2cla=
[ EOIT |wCHE] | [SHOW] EVAL |

For example, typing RECURSE(U,U(N-1)*N,1,2) BUL(N) seemingly
produces no useful result in the HOME view, but would produce the result
shown right in the SYMB view of the Sequence aplet. The resulting sequence
is the factorial numbers.

The syntax is:
RECURSE(<seq.name>,<defn of term n>,<1st term>,<2nd term>)

and it must be BEilllded into a sequence such as ul,U2. .U9, U0 for it to have
any meaning.

2 (SUMMATION)

This function, also available on the keyboard, offers a way of calculating the
results of summation notation problems. The syntax of the function is
ordered in the same way as one reads a summation expression (see the
examples below).

5
Eg. 1 ) i® which expands to 1 +2”+ 3 +4%+5” giving an answer of 55,
i=1

can be evaluated using &(I=1,5,I%)

6
Eg.2 D x where x, =-2,%, =10, X, =13, x, =11, X, =20, X; = 2

i=1

can be evaluated by first defining a list L1 as {-2,10,13,11,-20,2}
and then calculating &(1=1,6,L1(I))

Note: Although ‘i’ was used as the summation A,y E}Eﬁ
index in each of the cases above, there »TEEy 2
is nothing special about them. " and ' 1z
are simply the letters traditionally used
in mathematical problems. EiT] I N N

1
==
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LLET AL

MATH FUMCTIOME 3

The ‘Matrix’ group of functions

This very extensive group of functions is provided to deal with matrices.

The scope of functions and abilities covered in this group is in fact vastly
greater than would be required by the average high school student or
teacher. In many cases supplying an explanation in more detail than the
manual of what the function is used for would occupy many pages to no real
useful gain. Consequently many of the functions will be covered only by the
comment “See User’'s manual’.

A detailed set of examples for the more commonly used functions is given in
the chapter titled “Using Matrices on the hp 39g+”. See page 170.

COLNORM
See User’'s manual

COND
See User’'s manual

CROSS([vector],[vector])

EEAEG| HOME A |
CROSSCLZ3,41,[4, 112

This function finds the cross product of two CROSS(LS, 4,01 E?f’l:é?g
vectors. Vectors for this function are written as [A,8,-12]
single row matrices.
7] I D D B
3
For example, a=(3,4,0) or | 4| would be written as [3,4,0].
0
Note: If you want to use the Matrix Catalog pEErrromrm s = 4K
to define your matrices for use with this “EE v |
. ERI-Eal Mat-1x E
function then you must use the IEEHXN key 3 [Real vector |
to define them as real vectors rather than [i4 |Complex matrix |,
as matrices as the CROSS function is M ([Conplex wectar fe

one of the few for which this matters.
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DET(matrix)

e ES HOME

This function finds the determinant of a square
matrix. See page 174 for an example of its use DETLLLZ,3150-1.3110

13

in finding an inverse matrix.

2 3
Eg. |If A={ L 5} then find det(A).

Ans: det (A) = 2x5-3x(-1)
=13

See also: INVERSE, RREF

DOT([vector],[vector])

This function returns the dot product of two vectors. Vectors for this function
are written as single row matrices.

3
For example, a=(3,4) or [4] would be written as [3,4].

See page 175 for a worked example.

EIGENVAL
See User’'s manual

EIGENVV
See User’'s manual

IDENTMAT(size)

This function creates an n x n square matrix which is an identity matrix. For
example, IDENTMAT (4) would produce a 4x4 identity matrix for use or
storage.
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INVERSE(matrix)

#[g HOME
This function produces the inverse matrix of an
n x n square matrix, where possible. A fully IMVERSECL[Z2,31,[4,5]1]>
worked example of the use of an inverse [f-=.5,1.91,[=,-111]
matrix to solve a 3 by 3 system of equations is
given in the chapter on using matrices on the 110 Y N AN N m—
hp 39g+ on page 172 and 288. I HOME

L . & Infinite .
An error message is given (see right) when the || Result

matrix is singular (det. zero). UEééE( T [E-éi = [é_}l& i ]

. . . EADE| HOME A F=
Note: Some people write the inverse matrix as |[[[Z, 21, Lda 51 1M
[L2,

r
a fraction (one over the determinant) 21, 04,311
multiplied by a matrix, so as to avoid B -
decimals and fractions within the
inverse matrix. The hp 39g+ does not ET] N .
do this. If you want the matrix with the
determinant factored out, then evaluate DET(matrix) first, record the
fraction and then evaluate DET(matrix) * INVERSE(matrix) to obtain
the non-fractional matrix.

HOME A

| > 3 L 1[5 - DETCML 2 -
l.e. A= 45 = A :__2 4 2 CETCML 2+ INVERSECHML 2
[[3,~-2],[-4,2]]

Remember that the inverse matrix is not just [N I I N N

the matrix, but the fraction times the matrix.

See also: RREF, DET

LQ(matrix)

This function takes an mxn matrix, factors it and returns a list containing
three matrices which are (in order):

= an mxn lower trapezoidal matrix

» an nxn orthogonal matrix

= an mxm permutation matrix.
If you want to separate these matrices for later use then you should store
them into a list variable.

For example, if M1 was [[1,2,3],[4,5,6],[7,8,9]] then LQ(M1) kL1 would store
the three resulting matrices into list variable L1. In the HOME view you could
now enter L1 (1) #M2 to store the first of the result matrices into M2 and so
on.
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LSQ
See User's manual

LU

See User’'s manual
MAKEMAT

See User’'s manual
QR

See User's manual
RANK

See User's manual
ROWNORM

See User’'s manual

RREF(matrix)

This function takes an augmented matrix of size n by n+1 and transforms it
into reduced row echelon form, with the final column containing the solution.

X—-2y+3z=14
Eg. The system of equations 2x+y—-z=-3
4x-2y+2z=14
1 -2 3 [ 14
is written as the augmented matrix 2 1 -1 i -3
4 -2 2,14
M1 1 z2 2 4
: =
which is then stored as a 3x4 real matrix M1. ap . g =
1
[EDIT | W7 [ G0* [ BIG | | |
We now use the function RREF to change this [#[HH HOME
to reduced row echelon form and store it as
M2. EEEF M1 2kmM2
[[l,8,68,1].[8,1,8,—2]..
ELC I I I
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This gives the final result shown in the matrix
M2 on the right, giving a solution of (1, -2, 3).

The huge advantage of this function is that it
allows for inconsistent matrices which can’t be
solved by an inverse matrix.

H

wnu-| R

[=1 k-]

[t =2=1

wiH

1

EONT | IM2 [GO* JBIG | | |

For example, suppose we use the system of equations below, in which the
third equation is a linear combination of the first two but the constant is not

consistent with this - ie no solution.

X+y+z=5 If we solve this in the
2Xx—y=-6 same way as before, the
3y+2z=13 matrix which results is:

The final line of 0 0 O 1 indicates no solution.

See also: INVERSE, DET

SCHUR

See User’'s manual
SIZE

See User’'s manual
SPECNORM

See User’'s manual
SPECRAD

See User’'s manual
SVvD

See User’'s manual
SVL

See User’'s manual
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TRACE
See User's manual

TRN(matrix)

This function returns the transpose of an n x m matrix.
2 3

2 1 0
For example, if M1=|1 -2| then TRN(M1) would return {3 5 4} .
0 4
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List  &|POLYCOEF
‘ . . Loop POLYEVAL
The ‘Polynomial’ group of functions Matrix  |POLYFORM

This group of functions is provided to manipulate polynomials.

We will use the following function to illustrate some of the tools in the

Polynomial group. f(x)

f(X)=(Xx=2)(x+3)(x-1) =x>~7x+6

NA S L8
POLYCOEF([rootl,root2,...])

This function returns the coefficients of a polynomial with roots x, X, X;, ...
The roots must be supplied in vector form means in square brackets.

The function f(x) above has roots 2, -3 and 1. The screen shot below
shows POLYCOEF correctly giving the coefficients as 1, 0, -7 and 6 for a

final polynomial of f(x)=x*-7x+6. T hEn| AT
FOLYCOEFCL2,-2,112
[1 [ E: _?5 &1
FOLYEWALCLL1 8. -7a6]s ?%
POLYEVAL([coeffl,coeff2,...],value)
LI I I D I

This function evaluates a polynomial with specified coefficients at the point
specified. The coefficients must be in square brackets, followed by the value

of x (not in brackets). ie. f(x)=x’—-7x+6 has value 12 at x = 3.

Note: If evaluating more than one point it is probably more efficient to enter
the function into the SYMB view of the Function aplet. Then either use
the NUM view to find the function values required, or simply type F1(3),
F1(-2) etc. in the HOME view.
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POLYFORM(expression,var.name)

This is a very powerful polynomial function. It allows algebraic manipulation
and expansion of an expression into a polynomial. The expected parameters
for the function are firstly the expression to be expanded, and secondly the
variable which is to be the subject of the resulting polynomial. If the
expression contains more than one variable then any others are treated as

constants.

2

Eg. 1 Expand (2x—3)3(x—1)

Result: 8x° —52x* +134x% —171x* +108x — 27

The resulting polynomial is shown both as it
appears in the HOME view and as it appears
after pressing the EIII¥ key. Once it appears
in the EILI¥ window, of course, it can be

scrolled right and left to see the missing terms.

Eg.2 Expand (3a-2b)’

This function contains two variables, A and B,
which must be expanded separately.

The first expansion, treating A as the variable,

# I35 HOME [ F
PDLTEHHLtEI,Es'?:E]:?E

FOLYFORME 2% k=20 "3% ..,
BERTD-02 %R G+ ] B34 ERT S

g 5o ut 13405171 07

e DES HOME

FOLYFORMC C3€A-2%B3 "4y
2l:A™4+183%- (2B A3,

A3-(2-B) -F|3+5=*r-[-|:E-E=J]E

is done using the expression POLYFORM( (3A-2B)A4,A). As you can see if
you examine the view after pressing EIII&, the expansion of the expression
in terms of A has been done, but the terms involving B are not fully evaluated.

The solution to this is to use POLYFORM again. Use the MATH menu to fetch
the POLYFORM function to the edit line, then move the cursor up to the
partially evaluated expression that was the result of the previous POLYFORM.
Copy it into the edit line and add a comma, a B and an end bracket. Pressing

ENTER will now evaluate the terms involving B.

POLYFORMY C3%A—2%B 12"y ..
21xA"4+183%- (2xBr*["3..

After pressing ENTER the for the second
evaluation, the result is shown right (after

pressing ELITH]).

278

166 96 AE 2 16A5 B




POLYROOT([coeffl,coeff2,...])

2 DE| HOME
This function returns the roots of the
polynomial whose coefficients are specified. FOLYROOTCL1, 8, ET! g]faj
The coefficients must be input as a vector in 1=
square brackets. Groel | [ [ [

Eg. Using our earlier function of f(x)=(x-2)(x+3)(x-1) =X’ -7x+6 we
can enter the coefficients as [1,0,-7,6].

As you can see in the screen shot, the roots of 2, -3 and 1 have been
correctly found.
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rard L= TIALL

= MATH FUMCTIOME 3

Loop  &|COME
Matrix |

Foluynom. |FEEM
Imhr RAHDOM  w|-

The ‘Probability’ group of functions

MTH=| COH=
This group of functions is provided to manipulate and evaluate probabilities
and probability distribution functions (p.d.f.’s).

COMB(n,r)

[
This function gives the value of "C. using the formula "C :—(n nr')lrl -

Eg. Find the probability of choosing 2 men and 3 women for a committee
of 5 people from a pool of 6 men and 5 women.

| HOME
(6][5] COMECGE, 22 =
2\ 3 COMECE , 23 #COMEC Sy 53T
==y = 03247 T ER4ETEIE46TS
(5} T I I N N

Note: The reason for the single ‘COMB (6, 2)’ above the main calculation is
to save time. Rather than using the MATH menu for every entry of the
COMB function, you can enter it once and then i it repeatedly,
changing the parameters.

The ! function A DEG] HOME (&
141
. o 622200
The factorial function finds the number of 41
possible permutations of an entire collection of 24
n objects.
EIT) I I I

Eg. Find the number of ‘words’ that can be formed from the letters FRED.

No. of words = 4! =24
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PERM(n,r)

A EG] HOME [ F
FERM{Z, 32 E.
_ o . FERM(3, 32 *PERM (4, 42 %P..
This function gives the value of "P using the EZ2EEH
|
formula 'R, = w T T I — —
n—r)!

Eg. How many ways can 3 Math, 4 English, and 6 German books be
arranged on a shelf if all the books from a subject must be together?

Ans: (3|33><4P4>< 6Pﬁ)x3!

RANDOM

This function supplies a random 12 digit T i A

number between zero and one. If you want a . aglﬁ?gg%gggg

series of random numbers, just keep pressing .

ENTER after the first one. . JoHpRs1SRva
TN I N B B

Eg. Produce a set of random integers

between 5 and 15 inclusive.

Use the expression INT(RANDOM*11)+5 A LEG] HOME

The RANDOM*11 produces a range from 0 to INTERARDOM#11 245 .

10.999999. This is then dropped down to the 14

integer below by the INT function, giving a 1=

range of integers 0,1,2,3,...,10. The Ty ——

final adding of 5 gives the correct range.

It is important to realize that these are not truly random numbers. Inside the
calculator is a mathematical procedure (an algorithm) which uses a ‘seed’
number to produce them. Unfortunately, taken straight out of the box, two
hp 39g+’s will produce exactly the same sequence of “random” numbers!
This can be a problem in that, for example, a class set of calculators doing a
simulation of dice would all produce the same numbers.

m FUMCTION S
The simple sqlution .is to. seed the random EAMDSEED Time
number algorithm with different values for each 1
machine. This is done using the function
RANDSEED(...) and, providing each person sTOF

uses a different number, it should only be necessary to do it once (unless the
calculator is reset). The simplest method is to use RANDSEED (Time) since
the value of Time will be different on each calculator.
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UTPN(mean,variance,value)

This function, the ‘Upper-Tail Probability
(Normal)’, gives the probability that a

%

normal random variable is greater than or equal to the value supplied. Note

that the variance must be supplied, NOT the
standard deviation.

Eg. 1. Find the probability that a randomly
chosen individual is more than 2 meters
tall if the population has a mean height
of 1.87m and a standard deviation of
10.4cm

x=1.87m, o = 0.104m
= o2 =0.010816

Ans: P(height>2m) = 0.1056

EANEG) HOME L iz
. 1642
LH18315

UTPHC1.87V, . 81828165,22
- 1BSE4I7VIEEY

IESTTN I I I N

2m

Eg. 2.The population of Year 12 Applicable Mathematics students had a
mean exam score of 65% and a standard deviation of 14%.
What two scores will cut off the top and bottom 10% of students?

i.e. Find X, such that P(x>x,)=0-1

Using the Solve aplet (right) we can reverse
the normal direction of the UTPN function.

Enter the expression to be solved for into the
SYMB view as shown above, then switch to the
numeric view. Enter a guess of 0.8 (80%) and
then press BN,

The second value can be found by using the
symmetry properties of the Normal
Distribution, but it is probably just as fast to go
back to the SYMB view, change the 0.1 to 0.9
and then re-Solve. Remember that an
key is provided in the SYMB view to allow you

2 ZOLVYE SYHEOLIC VIEK =
E1zUTPHCES, 142, Hi=,,

Ed:
UTPNCES, 148, Ha=. 14
IR IS S B [T W T

ENTER VALUE OF PRESS SOLVE
EMT] | |  |UEFM]

OLVE WUMERIC VIEM 3

2417219176

EMTER VALUE OR PRES:S SOLVE
ENT [INFO ] |  [DEFM [SOLVE]

to change the expression without having to retype it.

Final answer... 47.06% and 82.94% are the cut-offs.
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Calculator Tip

The normal order for the arguments in the UTPN function is
UTPN(mean,variance,value), giving the upper-tailed
probability. However, many textbooks work with the lower-
tailed probability instead. Fortunately the function can
easily be adapted for this.

If you instead enter the function’s parameters as
UTPN(value,variance,mean), reversing the normal
positions of value and mean, then the probability given will
be the lower-tailed value. The reason for this lies in the
symmetry properties of the normal curve.

UTPC(degrees,value)

This is the Upper-Tailed Chi-Squared probability function. It returns the
probability that a y* distribution with the supplied number of degrees of

freedom is greater than the value supplied. See pages 150 & 299 for an
example of this function’s use.

UTPF(numerator,denominator,value)

This is the Upper-Tailed Snedecor’s F probability function. It returns the
probability that a Snedecor’s F distribution with numerator degrees of
freedom (and denominator degrees of freedom in the F distribution) is greater
than the supplied value.

UTPT(degrees,value)

This is the Upper-Tailed Student’s t probability function. It returns the
probability that a Student’s t distribution with the supplied number of degrees
of freedom is greater than the supplied value.
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APPENDIX A: WORKED EXAMPLES

The examples which follow are intended to illustrate the ways in which the

calculator can be used to help solve some typica

| problems. In some cases

more than one method is shown. Sometimes these problems are quoted

elsewhere in the book and repeated here for con

Finding the intercepts of a quadratic

Find the x intercepts of the quadratic equati

Method 1 - Using the QUADfunction in HOME.

This method is shown right, using the EIITH
key in the bottom view. The advantage of
doing it this way is that the answer is given in
the same form that you would see it if you

used the Quadratic formula. Just IIE the result
decimal part to find the value of the
discriminant. The ‘S1’ is the calculator’s
version of the + sign. Just I the result and
remove the S1 to obtain the positive solution,
replacing the + with a - to obtain the other. This
method is only of use if the question said

venience.

on g(x)=2x*+2x-1

EADEG] HOME

CUAD 28 B +2%0—1, K2
C-2+=1#3.46418161514 0.

IESTTN N I I B

, edit and square the

[-Z+s13.46418161514)
q

“Show working” because it doesn’t give the answer directly. If you need the

result in surd form then copy just the decimal par

t and square it.

Method 2 - Using the Function aplet.

Shown right. Enter the function into

the SYMB view, use the VIEWS key

Wi

and choose ‘Decimal’. If the axes
don’t suit, then use the EIIIE options. Now
use the IHE option of Root to find the two
roots. One result is shown.

Slope
Sigrned area..
Ext remum

t

\ |/

ROOT: 366025403785
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Method 3 - Using the POL YROOT function

The advantage of this is that it can be done in
the HOME view and is quick and easy. See
page 91 for a method of copying the results to
a matrix so as to gain easier access to them.

m FUMCTIOM Sy

FOLYROOTC L2y 20 =112
[H.3668,-1.2660]

FTOk

Finding complex solutions to a complex equation

Find the roots of the complex equation f(z)=2z*+z+1.

Method 1 - Using the QUAD function

Since this is a quadratic it can be done with the
QUAD formula mentioned in example 1., since it
is capable of giving complex results. This is
shown right, rounded to 4 dec. pts. It's up to

you of course to realize that (0,1.7321) is J3i

[-1+51:(B,1.7321]]
?

but if you don’t recognize it then I just that portion and square it. The

‘S1’ means % .

Method 2 - Using POLYROOT

An alternative method is to use the POLYROOT
function and store the results to a matrix. This
offers the advantage of being able to examine
the result more easily by Elllling the matrix,
and also of being able to access each root by
referring to the matrix elements in a calculation
(eg M1(1), M1(2) etc.).
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Finding critical points and graphing a polynomial

For the function f(x)=x>-4x*+Xx+6...

Step 1.

Step 2.

Step 3.

find the intercepts.

(i)

i) find the turning points.
draw a sketch graph showing this information.
[ find the area under the curve between the two turning points.

HEEE FUNCTION SYMEOLIC WIEW S
ol i Ll el il

(
(iif)
(

iv)

Enter the function into the SYMB view
of the Function aplet, so it is available
for plotting.

Use the POLYROOT function to find the
roots. This function is in the MATH
menu in the Polynom. group.

The results show that the x intercepts
are (-1,0),(2,0) and (3,0). They
intercept is found by evaluating F1(0)
in the HOME view giving the point (0,6).

Switching to the PLOT view via VIEWS
- Decimal, you will find that the
function does not display as well as it
could. Since itis the y axis that is not
displaying enough, we will use the ‘Y-
Zoom Out’ option in the EIEl menu
after first setting the zoom factors
to 2 rather than 4 (which is too drastic).

Now use the IEX pop-up menu to find
the Extremum (both left and right).

FOLYCOEF
FOLYEYAL

Hatrix L

Frob FOLYFOREM
—|Real LIIPOLYROOT |
[MTHe]CHDE|COME ]  JAMCL] OK |
EADEG| HOME
FOLYROOTCL1—4s145612

[-1 n 25 3]
Filc@an
=
EiTl I
[ WS
] FLi4): 6 [FEML |
'
EXTRM: (.1314B290,.,.6.0649604, . BT

The snapshot right shows the left-hand turning point of (0.131,6.065).
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Step4.

Step 5.

Because | know that part (iv) of the
question requires me to re-use these
extremum values in an integration
(which | would like to be as accurate
as possible), | am going to ‘save’ the
extremum value just found. | change
into the HOME view and store it as
shown in memory A.

Note: You MUST store the point of
interest before moving the cursor in
the PLOT view. As soon as the cursor
moves its new position over-writes the
extremum value. If you want the y
coordinate, just evaluate F(X).

Now use the FCN - Extremum tool
again to find and store the x coordinate
of the second turning point into
memory B.

The PLOT view shows that part of the
area we require for part (iv) is
negative, so we need to know the x
intercept between the two turning
points. Fortunately we know from Step
2 that it is the point (2,0). If we did not
know this already, then we could use
the MM menu again, retrieving this
time from the VAR menu the variable
called ‘Root’ and perhaps storing that
into memory C. We will evaluate the
integral in the HOME view where you

RAD) FUNCTION L
F1odn
=
kA
1314582988173
ST0k
| T
EXTEM: (2.5351837....-.B79418... BT
RAD| FUMCTION k|
MA
bE 1314582985173
2. 2331282725849
£T0k
EADE) HOME (A E
TCRs 22 F1CH .02
£. 33874881583
Ti2aBaF1EK a0
- . ZEESIEIESAT
IELCTH I N B N .
AL HOME (A E
Tl2aBaF1CH g0
- . SEESZEFIESAT
£.33874881383-". 20893,
£. 24067981234
[ESITN I I N N

can use the accurate values you stored in Step 4. It needs to be
done in two parts and added (subtracted actually to reverse the sign
of the negative part). This is shown right, with the Il key having

been used to add the values.
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Solving simultaneous equations.

Solve the systems of equations below:

2x—y=4
2X-3y=—7 .
(i) -3x+2y-z=-105
X+4y=2
x—-3y+z=10.5

EEEEEE FUNCTION SYMEOLIC VWIEL S8
Method 1 - Graphing the lines wE1CK=(-F=2xHh—5

eFaciacizogd
Because the first set of equations is a 2x2 |E=
system it can be graphed in the Function aplet. TR —

To do this it is necessary to re-arrange the

functions into the form y = ...... and store
them into F1(X) and F2 (X) in the SYMB view
of the Function aplet. Switch to the PLOT view

and use the @ Intersection tool to find
the point of intersection. I-SECT: -2.1) EEm

It is worth noting that although the point of intersection is on the screen here,
this is not necessary. The Il Intersection tool will work even if
neither line is visible on the currently set axes.

Second method - using a matrix

, 2X—-3y=—7 2 3| x -7
Step 1. Rewrite as =
X+4y=2 1 4|y 2

_ x] [2 =3 [-7
This means that = X
y 1 4 2

Step 2. Switch into the Matrix Catalog (SHIFT (1] 1 2
MATRIX). Position the highlighton M1 | "
and press @II. Enter the matrix
shown right.
2
[EDIT | W: | G0x JEIG | [ |
Press SHIFT MATRIX to change Ma| 1
back to the catalog and create M2 as 3 'i?
shown below right. Note that setting
will make it easier to enter M2.
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S DEGE FUMCTION
Step 3. Change into the HOME view and enter
the calculation M1**M2. The resultis  M1-1%¥M2
the (x,y) coordinate of the solution. [f-21,C0111
ML 1 el ]
1 =1 i
2(-3 2 -1
E| 1

-3
A similar method can be used to | |

solve the second 3x3 system of
equations.

Third method - using the 3x3 Solver aplet

This method uses an aplet which is available
from the internet called the “Simult 3x3”.

It allows easy solution of 2x2 and 3x3 systems
of linear equations in a format which is more
user friendly than the use of matrices for
student who are not familiar with them.
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[C11.C0-21,02.2]1]

EMTEFE # YALUE FOF .

Simult 3x3 . GEB
Funct ion HEEE
.................. aHa $uLIIIEH e
W -1 @24
-3 2 -1 z=-18,
1 #+ -3 v+ 1 z2=18..




Expanding polynomials

Expand the expressions below.

(i) (2x+3)
(i)  (3a-2b)

(i) Use POLYFORM((2X+3)A4,X) to
expand the polynomial. Use the
ELIT®] key to examine the result.

Result:
16x* + 96X + 216x° + 216X+ 81

(i)  Use POLYFORM((3A-2B)A5,B) to
expand the polynomial as a function
of B. Then use the polynomial
function again, [Eling the result
from the first expansion and
expanding this time as a function of
A. The EI¥l key can then be used
to view it, using the left and right
arrows to scroll the screen left and
right.

¥ HOME

FOLYFORME C2%x+2 0", 12
le#E"d+5% 0" 3+2 16502

60t ragn e 16452164

EADE| HOME [
FOLYFORMEC C3#A-2%B2 "5y
- L32¥BETa Y +24BEREET 4+ 1.,
FOLYFORME - ¢ 22%B~30+24..
Z2d2#A"2-218#B¥A™4+188..

[ESITN I I N N

24307 -518-BA + 16065 |

[sTO] |  [cOPY[sHOW] |

Result: 243a° —810a’h +1080a’b? — 720a%b® + 240ab* — 32b°
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Exponential growth

A population of bacteria is known to follow a growth pattern governed
by the equation N =N,“ ;t>0. Itis observed that att= 3 hours,

there are 100 colonies of bacteria and that at t = 10 hours there are
10,000 colonies.

(i) Find the values of N, and of k.

(i) Predict the number of bacteria colonies after 15 hours.
(i)  How long does it take for the number of colonies to double?

n| Ci Cz2 | C=2 | .4

1 100 R | 200
2 10000
(i) Find N, and k. e—_— | —"—

EEIE STATIZTICS SYMEODLIC SETUP S

Step 1. Start up the Statistics aplet, set it to ANGLE MERSURE F:ad1ans

S1FIT: [ =1R R A =2FIT:_ irear

BT and enter the data given. saFmLinear s4FTLinear
Change to the SYMB SETUP view and sSFT:Linear

specify an Exponential line of best fit CHOOZE STATISTICE MODEL TYPE

for the data. [ fchops] | | [ |

Step 2. Change to the PLOT SETUP view and  [(E0E& sTATISTICS PLOT SETUP §

just i it will di -5 BE
adjust it so that it will display the data. vENG: 1m0 1 Tama

(This is not really needed, since the SIMARK: 4= SAMARK: 2= SHMAKK: 4
line of best fit is what we need and it SYMARK: I3 SSMARK: X

will be calculated even if the data EMTER MIMIMUM HORIZOMTAL YALUE
doesn’'t show.) YTick is setto 1000 I N 7T N
incidentally.

Now change to the PLOT view and
press (if not already set). Wait +
while the line draws.

Step 3. Change to the SYMB view, move the
highlight to the equation of the 13, 2949549437 EXP[ . 657"
regression line and press EINIE.
Rounded to 4 dec. places, this gives
an equation of:

N =13-8950e’%™
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(i) Predict N for t = 15 hours.

Change to the HOME view and use the PREDY
function.

Result: 268 269 colonies.

(i)  Find tso that N:ENO
2

Step 1. Find the values of N, and k and store
N, into memory A and k into memory

K, so that it is un-necessary to re-type
them.

See page 145 for instructions on
finding the parameters from the
exponential fit curve.

Step 2. Switch to the Solve aplet and enter the
equation to be solved. Changing into
the NUM view, you should find the
values of A and K already defined, so

move the highlight to T and press
=OLVER

Result: Doubling time is 1.0536 hours.
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EEADEG]
A+E+C
2. 2962962963
FPREDY 152
28269, 573528

IESTTN I I I B

EEEG| HOME A |
FRED CE2 A

13.8949549437
LMCPREDY €12 - PREDY CED 2.,
« 037821435139

IELCTH I N B N .

SOLYE ZYHMEOLIC WER
fE1 Axe (KT 2=2%A

EZ:

Ed:

ES: L
_-m

£ 2OLUE MUMERIC WIER 3
« 3949349437

K L ESTES1455129
T R EEEEEE
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Solution of matrix equations

Al-2X)=B
Solve for the value of Xin A(l -2X)=B 1
1-2X=A"B
where A=| 2 3| B=[3 2 1
-15/) 1 4 22X =A"B-1I
-1
X=—(A"'B-I
S (A=)
M1 1 2
ek
Store the values of A — Mal 1 2
and B into M1 and M2 respectively. 1 3I -
[ EDIT | IN5_|
[EOIT | 1M | GO [ B | | |
EA DG HOME

Finally use the HOME view to calculate the
answer, using the function IDENMAT (2) to
produce a 2x2 identity matrix, and making sure
to store the result into M3.

¥~ #M2-TDEMMAT.,

[[.838451338462, . 8461..

o~ 12— TOEMMAT (21 11534
[sTor] — [ [coPY[shoW] |

In this case the result is a horrible decimal.
The fractional equivalent can be found by
setting the MODES view to Decimal 6 and then
re-evaluating, as shown right. From this it can
be seen that the common denominator seems
to be 26, so multiplying M3 by 26 will give a

final result of:
[ 1 22)
x =
-5 7
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Inconsistent systems of equations S P P
- T S
Solve each of the systems of equations
below, where possible, indicating in 2
each case the nature of the system. [ENT | INs [0+ ElG] [
2x-3z=-7 2x-3z=-7 2x-3z=-7
(a) x+y+4z=15 (b) X+y+4z=15 (C) X+y+4z=15
X+2y-z=2 3X+y+z=8 X+y+z=7
Myl 1 ] &2 2 4
Using the RREF function i i ¥ 1§
3 2 -1 2
#[g HOME
In each case the most efficient method
is to use the function RREF. The letters EDIT | |Rep e,

RREF stand for Reduced Row Echelon

[C1,6,8,1],[6,1,8,2]0..

Form and the advantage of this function is that

it allows the user to deal with matrices which (sroe] | 1 [ [ |
are singular.
(a) Entering the augmented matrix of coefficients into M1 (see above) we

(b)

then use the RREF function, storing the result into M2.

This result can be examined via the Ml 1 2 2 4
Matrix Catalog. It canbe seenthat | i 1 n 1
the result is a diagonal of 1s, with the e 1 .
result given in the final column.

1

[ET | W [ Gox JEIG | [ |

Here: x=1,y=2,z=3

Since the coefficients are similar, we can edit the augmented matrix in
M1 and then re-use the line in the HOME view.

Mal 1 2 =] 4
In this case the final line of zeros 1 ) mopEl e
indicates that the original matrix is A ! " "
singular and that there are an infinite
number of valid solutions. 1

[EMT | IW: [Go* [ BIG | | |
A similar method for the third set of v gl = | 5 |9
coefficients yields the result shown 2| 1 E.:‘; 0
right. The finallineof 0 0 0 1
indicates that there is no valid solution. :

[ET | W [ Gox JEIG | [ |

294



Finding complex roots

(i) Find all roots of the complex polynomial f(z)=2’+iz’ -4z-4i.

(i)

Find the complex roots of 2> =32.

The best way to do this is using POLYROOT. | usually the results into a
matrix, since the matrices on the hp 39g+ can be complex vectors, not just

real matrices.

(i) The coefficients can be entered into POLYROOT in the form a+bi or as

(a,b). In this case the roots are integers so
there is no need to store it into a matrix.

Coefficients must be in square brackets
separated by commas.

(i)  The method is to solve the complex
polynomial z°—-32=0, setting the other
coefficients to zeros. This is shown in the
second POLYROOT calculation in the screen
shot right.

In this case the results are unlikely to be
integers so we store them into M1. The result
is shown below and right. The edit line shows
the highlighted element to a greater degree of
accuracy. Unfortunately there is no way on the
hp 39g+ to get exact surds as your answer.
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IESTTN I I I B
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FOLYREOOTCLL 14~
LB, — 12,02, H2 iE
"OLYREROOTCL] « Hay Hy
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H3]

AR TR M
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Analyzing vector motion and collisions

Ship A is currently at position vector 21i + 21j km and is currently
travelling at a velocity of -4i + 6] km/hr. Ship B is at 30j and travelling
at 2i + 3j km/hr. If the ships continue on their present courses, show
that they will not collide and find the distance between them at the

time of their closest approach.

Firstly enter the equations for the ships’ paths
into the Parametric aplet using the first
equation pair for ship A and the second for
ship B.

Making a guess at the ships’ behavior and
position, | will set up the axes as shown on the
right. | am assuming that the collision will
occur in the first 6 seconds and in the axes
range chosen. This can always be adjusted if
my guess is wrong. The reason for choosing -
15 on the YRnNg is to ensure that the x axis is
visible on the screen. Notice in the second
screen that Simult: must be checked if the plot
is to be a good illustration of the ship’s
movements.

If you’ve done this correctly then you will see
the ship’s movements on the plot view. Careful
examination of the paths of the ships as they
appear on the screen will show visibly that they
do not collide. The graph is shown on the right
just before closest approach. However we
need to verify this.

The formula for the distance between the ships
is d =\/(xl—x2)2+(yl—y2)2 and this can now be

entered into the Function aplet as shown right.
With an equation this complex it is probably
worth checking with the EII¥] key that you
have typed it correctly. Notice that the active
variable in Function must be X not the T used
in Parametric.
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| want to graph this function for the first six
seconds but | am not sure what y scale to use
so | will set XRng to be 0 to 6 in the PLOT
SETUP view and then choose VIEWS - Auto
Scale. The result is shown right.

Using IE® - Extremum, | find that the time of
closest approach is at t = 3.4 hours (3:24 pm)
with a separation at that time of d = 1.3416
km. The y axis has been adjusted slightly to
make the x axis visible.

Circular Motion and the Dot Product

Fliny: 3

ExnTRM: (3.4.1.3416407BE52 B

A particle’s position at time t seconds is given by r =5sin8i—-5cosé | .
Draw a sketch of its path for the first 6 seconds of movement. Show

algebraically that its path is circular.

The first step is to graph the particle’s path.
We go into the Parametric aplet and enter the
rule into the first equation X1, Y1.

After setting TRng to 0 to 6 and then using
VIEWS - Auto Scale we get a result which is
does not look like a circle, but this may be due
to distortion through not using a ‘square’

HEE PARAMETRIC SYMEOLIC WIEW S
Wil CTa=5%SIHCTY

T1CTa=—5%COSCT

Aot =

T2l =

#ICTa= L
[ ECIT [ EHE] T | [SHOW] EVAL |

I
e

screen.

PAEAMETRIC P

TSTER: | |
RRME: — 4, SEEE,
YRME: —6 . 4273,

TREHG:

If we inspect the PLOT SETUP
view, we can see that the

settings are nearly double Ll
those of the default ‘square’ LENLL__ Pl

EMTEF MIMIMUM Tk 33

screen of -6.51t0 6.5 and -3.1 to 3.2 In the
PLOT SETUP view, press SHIFT CLEAR to set
everything back to default, then double each

T: 0 (0.=53
LOT SETUR
[
. 4. 997 R4,
. 4.99147..,

4% PARAMETRIC PLOT SETUP
TRMG: )
TSTER: . 1
HEMG: - 13 12
YEMG: — 5, 2 &.4
EMTER HIMIMUM TIME WALLE
[EDT| | PecE® | | |

setting for the x and y axes and set TRng back

to 0 to 6. Pressing PLOT again will make it
clear visually that this is a circle and we can
copy this diagram onto our test paper as the
required graph. Note the gap at the bottom
because the TRng stops at 6 instead of 2.

\
_/

-
N
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The simplest way to show that the motion is
circular is to show that the dot product of the
velocity and acceleration vectors is constantly
zero for all theta. This should be done
algebraically, but just for fun we’ll see if we can
do it with the calculator too.

Use X2 & Y2 to hold the velocity and X3 & Y3
to hold the acceleration, pressing after
each one to perform the differentiation.

Now we go to the Function aplet and enter the
formula for the required dot product as
X2(X)*X3(X)+Y2(X)*Y3(X).

If we now switch to the NUM view, we can see
that this function is evaluating to zero for t = 0,
1, 2, 3.... Of course this is not the same as a
proper algebraic proof but you wouldn’t want
the calculator to do all the work would you?
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Inference testing using the Chi? test

A teacher wishes to decide, at the 5%

level of significance, whether the

performance in a problem solving test

is independent of the students’ year
at school. The teacher selected 120
students, 40 from each of Years 8, 9
& 10, and graded their performance
in a test as either A or B.

The table above right shows the results.

The hypotheses being tested are:

Grade
awarded
Year A B Total
8| 22 18 |40
9| 26 14 |40
10| 27 13 |40
Total | 75 45 120

Ho: There is no relationship between grades awarded and years at

school. They are independent.
Ha: There is a relationship.

If Hop is true then the expected frequencies
should be those in the table on the right.

Enter the observed and expected frequencies
into columns C1 and C2 of the Statistics aplet.

In the HOME view, perform the calculation
shown right. This calculates the individual

" values ready for summing as per the
(0-E)
—

formula z* =)’

After first changing to the SYMB view to
register C3, the required total for C3 can be
found in the view. In this case, 1.493.
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Grade
awarded
Year A B Total
8| 25 15 40
9| 25 15 40
10| 25 15 40
Total | 75 45 120
n| Cl1 (=] (S} I
1 a5 P
g g5
ElEN =
Y118 15
S114 15
h[13 15
=5

FORT | ElG [1VAR®|ETATE

ETATIETICE

LC2-C1ae-C2MC3
. 36 . Hds . 16, . By 6. BER.

FTOk

. g
L441353
.1917818

1.4923332333333




Changing into the Solve aplet we can enter a SOLVE SYMEOLIC VIEK

formula which will allow us to calculate values W

from the Chi? distribution using the UTPC E3:
function. .

With a 3 x 2 contingency table the number of SOLVE NUMERIC WIEW
degrees of freedom are 2. To find the critical ﬂ _

1essvalue, we enter values of 2 for D (the P,

degrees of freedom) and 0.05 (the probability)

and then move the highlight to V (the value) EH “""E il 5 ZOLVE

and press EN[MI3. As it turns out, the required
critical value is 5.99 and so we would accept the null hypothesis and
conclude no relationship.
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APPENDIX B: TEACHING CALCULUS WITH
AN HP 39G+

There are many ways that the teaching of functions and calculus concepts
can be enhanced with the aid of an hp 39g+ graphical calculator. Some of
them are listed below:

Investigating y=x" for n an integer

This can be done most economically by setting an
investigation, perhaps for homework.

Save a copy of the Function aplet under the name of
“X to the N”. Saving the aplet will allow you to send it to
your students’ calculators.

Into this aplet, enter the functions
shown and set the axes as shown.
The choice of x axis means that
each pixel is 0.02 apart.

% 10 THE H FLOT ZETUF
LT _ Ny,
o COMMECT ®LaEELS
o RNES _GRID

Letail
CHODZE PLOT RESOLUTION
CHOD:]  PAGE ¥

REZ:

LAEEL THE AREZY
v CHE| & PRGE

This aplet can now be sent to each student’s calculator
at the end of a lesson using the infra-red link. .
Accompanying questions should address the issues : a2 Floo: me [
below, and students should be required to either hand in a short written
response, or contribute to a verbal discussion the next day.

(i) All the graphs have two points in common. What are they and
why are they common?

(i) Why does an increasing value of n mean a lower value of
f(x)=x" between 0 and 1, while it means a higher value for x>1?

(i)  What happens for x<0? (The scale will need to be changed in
the PLOT SETUP view.)

(iv)  What do the graphs of y=x" look like for negative integer
values of n?
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Domains and Composite Functions

There are a number of ways that the calculator can help with this. Examples
are given below but others will no doubt occur to experienced teachers.

T
m

NUM view. For example, enter the functions
F1(X)=X+2 and F2(X)=(X?-4)/(X-2). Discussion 2 :
will elicit the fact that they are ‘identical’ w—
algebraically but what then about the point X=2 in the NUM view (see
right)? Use this in discussion to introduce the convention of graphing
with a ‘hole’.

(i) Rational functions can be investigated using the [+ F Fe

T C.Cuww
- omey

FFas FUNCTION TMEOLIC VIER S
=[Cx=12

You can also have a great deal of fun with the F
class by telling them to unlll®Id F1(X) and then | Facid=
to zoom in repeatedly on X=2 in the PLOT view
in an effort to “find the hole”. They won'’t of
course, but you can laugh watching them and
then discuss why they didn’t - a good way to
introduce the idea of limits!

However - there is a trick to this! If you use the default axes of -6.5
to 6.5 then there will be a hole (see right) because x=2 falls on a pixel
point and so, since it is undefined, the calculator leaves it out.

FUNCTION STMEDLIC VIEF 5 FUMCTION EVMEDLIC VIEW 5
CHI=HE=R
Faimai=F1CE+32
ST

For this to work you need to
sabotage their efforts in . R o
advance via a scale which does not have x=2 on

a pixel. Starting with a scale like this ensures ‘@s\
that subsequent box zooms won’t produce the /
“hole”. A good scale is -1 to 6 on both axes and k- Fac: 2 rEnD |
you can rationalize the choice by telling them that it “focuses well on
the point we're interested in”. They may still sabotage this by choosing
their own axes when zooming.

(i)  When discussing the F o s
concept of a domain, the Spetomat pr
NUM view can be very useful =L

in developing this (see right).
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(i)  Composite functions can be introduced directly in UNCTION STFEDLIC VIEW
the SYMB view. For example, enter F1(X)=X3-X LTS
and F2(X)=F1(X+3). Move the highlight to F2(X)
and press the button. If desirable, you can
further simplify using POLYFORM. With the
highlight on F2(X), press HIl. Move the
highlight to the start of the expression and use
the MATH button to enter “POLYFORM(”. Now &
move to the end and add “, X)” to the expression and press li]II
Pressing [ELM again now will give the result shown right.

(iv) ~ Domains of composite e I T
functions can be explored in | B2 L |Ex [ [HE
the NUM view. In the SYMB Ed SF2CFICES ) X :
view, enter the functions I
shown right, unEl®@ing the first two non-composite functions. In the
NUM view shown, | have used the NUM SETUP view to set the scale to

start at -1 and increase in steps of 0.25. Obviously discussion will now
center on why f(x)=+x* is not the same as f(x=x, and why f,(f,(x))

is not the same as f,(f,(x)) for x<O.

Gradient at a Point

This is best introduced using an aplet called “Chords” downloaded from The
HP HOME View web site (at http://www.hphomeview.com), but you can also
use the Function aplet.

In the Function aplet, enter the UNCTION STHEDLIC VIEW
function being studied into F1(X).
To examine the gradient at x=3, 3
store 3 into A in the HOME view as O

shown right, then return to the SYMB
view and enter the expression
shown right into F2(X).

MUMZOOM: 4

CHOOZE THELE FORMAT A

Change to the NUM SETUP view and change the NumType to “Build Your
Own”. You can now enter successively smaller values for X in the NUM view,

since X is taking the role of h in the expression f '(a) = Ihingw.

To investigate the gradient at a different point, change back to the HOME
view, enter a new value into A and then return to the NUM view.
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The disadvantage of the previous method is that it is not very visual. An
alternative is to use the “Chords” aplet.

In this aplet, a menu is provided via
the VIEWS menu to allow students to
choose from a list of predefined

B At 1
Autolslows
By key press

functions or enter their own. Once I o770 7 o o 7
the function has been graphed, the ‘Show slopes’ option [+ " * " /
will display an animated series of chords of diminishing

length, with the gradient displayed at the top of the / )

screen. As the chord shortens the student can see how =
this affects the approximation to the gradient at the point chosen.

Gradient Function

Once the concept of gradient at a point has been (=8 2o
established the next step is to develop the idea of a /
gradient function. This can be done using an aplet i / +
downloaded from The HP HOME View web site called o

“Tangent Lines”. This aplet will add a moveable tangent line to a graph,
allowing the user to move it along the curve with the gradient displayed at the
top left of the screen.

There are two worksheets included in the documentation which is bundled
with this aplet which will take the student through the process of developing a
gradient function.

If it is not desirable to use this aplet then the Statistics aplet can be used to
help with the process of finding gradient functions once tabular data has
been collected giving x and grad(x) values. If the student enters the data into
C1 and C2, they can then set to B, plot the data and make a guess as to
the appropriate function and then use the curve fitting facilities to find an
equation.

Curves of the formy=mx+b, y=ax®+bx+c, y=ac+bx*+cx+d and y=ax"can
be fitted using the Statistics aplet and this should be enough for the students

Xn
to deduce the rule ij ) =nx"?! for themselves. It is advisable to ensure that

the students are familiar with the process of using the Statistics aplet to find
equations before commencing, otherwise the two concepts may interfere.
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The Chain Rule

If desirable, an aplet is
available from The HP
HOME View web site (at http://www.hphomeview.com),
called “Chain Rule”, which will encourage the student to
deduce the Chain Rule for themselves.

FE(RI=C(eEn"3=20"2
FaCRa=aniFacxl
F3CkI=C2—r"72 g
EDIT [+ CHE] 4 SHOH | EVAL

It is pre-loaded with five sets of functions, of increasing complexity, the first
three of which are shown right. The functions are loaded into F1, F3, F5, F7
and F9, while the functions F2, F4, F6, F8 and FO contain an expression
which, when is pressed, will differentiate the function above. Through
the worksheet which is bundled with the aplet, the student is directed to
record the functions and their derivatives and to look for patterns which will
allow them to deduce a rule.

Optimization

A method which | find to be efficient
in introducing the idea of
optimization is via the maximization
of the volume of an open-topped
box.

W SHEETS BOX SYMBOLIC VIEW S
F1li®r=15-2%"
F2ixi=11-2%%
FaCxI=K

. _ 2EACHIZE L sF2 s, s
If we start with a sheet of card which |NEEEE vl 3
I T I e T | s Fyci: 118 HMEHU|

is 15cm by 11cm then we can form
a box by removing squares from the corners and folding up the sides. | find
that it is quite helpful for the students to actually make such a box, choosing
for themselves what size square to cut out. They can then explore, using the
Function aplet, what cut-out size will produce the maximum volume.

As can be seen above right, the width, length and height can be entered into
F1, F2 and F3 as functions of the cut-out size X. The volume can then be
entered into F4 as F1*F2*F3 and this function can then be plotted and the
maximum found either through successive approximations in the NUM view or
by using the FCN tools in the PLOT view.
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Area Under Curves

This topic is most easily handled using an aplet from J,|H,,;;T‘;D =Is
The HP HOME View web site (at SERCON. 6. 076
http://www.hphomeview.com). This aplet, called “Curve

L]
Areas” will draw rectangles either over or under a curve ¥

I I N T
or use trapezoids. A number of curves are supplied pre- | pfrea 1 to 5 i= |

. 1] approx. S8.16
set but the user can also enter their own. The user can TN
nominate the interval width and the number of =TT T T  Tu]
rectangles.

AT TR

Most importantly, a worksheet is bundled with the aplet which will lead the
student through the process of deducing an area function and hence to the

anti-differentiation of x".

Fields of Slopes and Curve Families

One of the concepts which students find quite difficult to come to grips with is
that of sketching a field of slopes from a derivative function and, from this,
sketching a family of curves. An aplet from The HP HOME View web site (at
http://www.hphomeview.com), called “Slope Fields”, will assist with this
process.

In this aplet the user enters the derivative function into F1(X) and then uses
the VIEWS menu to produce a field of slopes. A cross-hair is o
projected onto the field which the user can move around.

When the user presses ENTER, a curve is drawn, starting at
that point and projecting to the right and then the left, and
following the field of slopes. Repetition of this will illustrate the fact that there
are a family of curves, separated by a constant, which all fit the ‘description’
of the function stored in F1(X).
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Inequalities

The topic of inequalities is one that is sometimes included in calculus
courses, particularly during the study of domains and this is often extended to

graphing intersecting regions such as{(x, y): y<0.5x+1Ny> X —1} .

Although the hp 39g+ does not have the in-built ability to
plot inequalities, the process is easily handled using an

aplet from The HP HOME View web site
(at http://www.hphomeview.com) called “Inequations”. This allows the user
to plot individual or overlapping inequalities as shown right. It will not handle
dotted functions of the form y<f(x).

Rectilinear Motion

A topic which is commonly taught as part of any calculus course is rectilinear
motion. This can be enhanced by using the Parametric aplet to graphically
illustrate the motion of a particle. If this is set up properly then it can be a
very helpful teaching aid, as the graph will slow down and speed up as it
appears, illustrating the velocity and acceleration of the particle.

[ —
See page 104 for a fully worked example of how the <
Parametric aplet can be used to produce motion graphs | ____-f
of the form shown right. The graph needs to be seen as o cun HER

it is being drawn to appreciate how the particle slows down and speeds up as
it passes the turning points. Try it and see.

Limits

For information on evaluation of limits on the hp 39g+ and, more importantly,
the pitfalls that lie in wait for the unwary, please read the information in the
chapter “Tips & Tricks - Function” on page 88.
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Piecewise Defined Functions

Piecewise defined functions can be graphed easily on the hp 39g+ by
breaking them up into their components.

sin(x) ; X<-2
For example: f(x)=4x+2 ; —2<x<1
(x-2)" -1 ; x>1

Using the Function aplet, we enter three separate component functions. You
can obtain the inequality signs from the CHARS menu.

F1(X)=SIN(X)/(X<-2) % /
F2(X)=(X+2)/(-2<X AND X<1) 7
F3(X)=((X_2)2'1 )/(X>1 ) s FLik): UNDEFIMED

The calculator evaluates the domain as either true (1) or false (0) for each
value of x. When it is zero (outside the domain) then dividing by this value
causes the function to become undefined and consequently not be graphed.
Inside the domain it has no effect.

Note: The word ‘AND’ is available from the keyboard above the (-) sign.

Sequences and Series

Through the Sequence aplet the hp 39g+ provides very flexible tools for the
investigation of sequences. These can easily be adapted to investigate
series as well.

Information and worked examples of using the hp 39g+ for evaluation of
sequences and series can be found in the chapter “Tips & Tricks -
Sequences and Series” on page 110.

Note: One of the common errors that students make in the Solve aplet is to
try to solve for solutions which do not exist. For example, a student will try to
solve for N in T=A*R*(N-1) with A=50, R=0.75 and T=-2. The result will be
firstly that the calculator will seem to freeze while it tries to find a solution
which can only be approached asymptotically.
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Finally the calculator will give the result as shown right.
The problem is that students will misinterpret it as being
N=10, when in fact it is simply that the calculator has
gone as far along the positive x axis as possible and
stopped at MAXREAL of 1x10®® (see second screen shot).
It is recommended that the teacher should deliberately
provoke this error and follow with class discussion.

Students should also be encouraged to press the K1
button after finding a solution since a case like this will
give ‘Extremum’ whereas a correct solution will result in

P ZOLVEE MWUMERIC VIE

99999999999E499

P ZOLVER MUMERIC VIE

IkH
:f : 9§99999999999E4

M BlEt remum

EMTEE VALUE OF PRE:: :OLVE

either ‘Zero’ or ‘Sign Reversal’. See the manual for more information.

Transformations of Graphs

This topic can be handled in a number of ways. One of these is to use the

Function aplet without enhancement.

Enter the basic function into F1(X).
For example, you might enter
F1(X)=X2. You can then enter
transformations into the other

functions. Some examples, together with the resultlng graphs are shown

right.

\ A

0 F1ih): 0

This process will also work with piecewise defined functions which are often

the type that are used in examination questions.

There are also two aplets which can aid
greatly in this process called “Quad

D N -TH o]

Explorer” and “Trig Explorer” and are built
into the hp 39g+. Both of these aplets

allow the student to explore the effect of changing parameters on the shape
of the graph, one using a quadratic and the other with the sine and cosine
curves. Students can choose to manipulate the graph and see the effect on
the parameters, or to manipulate the parameters and see the effect on the

graph.

In Quad Explorer there is even a “test yourself” facility provided which

will present the student with examples of quadratics for which they must
provide an equation, with visual feedback on incorrect guesses. Highly

recommended. See pages 164 - 167.
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APPENDIX C: THE HP 40G & ITS CAS

Introduction

This appendix is intended to give a useful introduction and over view to the
user who is new to an hp 40g. It is not intended to fully cover the topic, nor is
it intended to serve as a reference text for the advanced user. For those
needing a far more extensive coverage than is available here, | can highly
recommend the incredibly detailed text “Computer Algebra and Mathematics
with the hp 40g, Version 1.0” by Renée de Graeve, Lecturer at the University
of Grenoble | and founder of the Grenoble IREM. It contains a complete
reference of the functions for symbolic calculation, and also demonstrates,
using many examples, how to take smart advantage of the calculating power
of the hp 40g. This can be found at Hewlett Packard’s web site
(http://www.hp.com/calculators) or on the Help page of The HP HOME view
(http://www.hphomeview.com).

What is a CAS?

Although you may not have thought about it consciously, you are probably
aware that most calculators do not operate with algebra in the same way that
a human does. Generally speaking solutions on computers and calculators
are found using numeric means. This is often done by using successive
approximations, each one coming closer and closer to the final answer.

You can see this process at work quite easily using the Solve aplet. All you
need to do is enter an equation to solve which is complex enough to require
more than a few seconds to solve. If you do this then you can watch the
calculator work.

In the Solve aplet, enter the equation i SOLVE SVPIPILLS MIEMW iy
J(0, X, A2, X) = 1000 as shown right. B
This is equivalent to solving for a in the E3:
X Ed:
equation: J.O a? dx=1000. ES: v

SHOWK | EYAL

Change into the NUM view, and press on [EEEIEREE b
X. As soon as the hour glass symbol appears, |.. g

press the button again. You may need
to press it more than once before the
calculator takes notice, but eventually you EMTEE VALUE Ok PRE:: SOLVE

. . . EDOIT | IMFO DEFHM |=0LYE
should see a view similar to the one right. . .
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The two values at the top of the screen represent the calculator’s successive
approximations to the true solution. The chances are that one will have a ‘+’
symbol to the left of it, while the other has a *-". This is telling you that the ‘+’
value is greater than required, while the *-* value is smaller. As you watch you
should see the two values converge to the true answer.

But is it? The true answer is actually /3000,

as is shown right. Unless you realized that the Fi==Skeg
value supplied was a cube root it is unlikely
that you would get this exact solution. TOOL [HLISE | DIFF JKEFEN 0L | TRIG
, o , [ % dx=1000
Algebraically, the solution is shown to the right.
3 a
{X—} ~1000
On most calculators there is no way to obtain this exact 0
answer because the calculator doesn’t use algebra. a_3 1000
3
a=<33000

However, the CAS or Computer
Algebra System on the hp 40g
does use algebra! As you can
see in the screen shots to the
right, the CAS on the hp 40g is perfectly
capable of giving you the algebraically
correct answer, and it does it by 3
following the same rules that you do. _,|=||

The CAS on the hp 40g is based on a program
called Erable, originally written by Bernard Parisse for
the HP49G, which was then adapted for the hp 40g. It
is an amazingly powerful CAS which will let you
perform virtually any mathematical manipulation you
might need. RAL| SOLVE 7]

1.57872632673

ALGE | DIFF |REWEI =OLY | TRIG

For an example of the fundamental
difference between working in the CAS,
with its exact mode & infinite precision,

and working in the normal HOME view, in E
approximate mode with 1072 precision, you
need only consider the two contrasting

results of ASIN(1) and %x9 shown to the it

right.

TOOL | AL'GE | DIFF |REWEI] =0LY | TRIG
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What is the difference between the hp 39g, hp 40g & hp 39g+?

At the time that the hp 39g was designed, as an upgrade from the original
hp 389, there were two competing sets of requirements. The European
market wanted a calculator which had a CAS system but they were highly
distrustful of the infra-red communication which was standard on the hp 38g,
feeling that it might allow cheating in examinations. The US and Australian
markets, on the other hand, wanted the infra-red communications but their
educational systems were not yet prepared to allow the power of a CAS into
their classrooms, feeling that it did too much of the students’ work.

The solution adopted was to use the same chip for two calculators, the

hp 40g and the hp 39g. These two models have, respectively, infra-red but
no CAS and CAS but no infra-red. They are otherwise identical except for the
label below the screen. The calculator’s chip is able to detect which model it
is in and activate or de-activate the CAS accordingly.

The hp 39g+, released in 2004, is an upgraded model of the hp 39g, the
differences being vastly greater speed and the extra Finance aplet.

If you own an hp 39g and you are wondering if you can fool it into believing
that it is an hp 40g and thereby activate the CAS, then please don't try it. If
you disable the infra-red by, for example, cutting the internal wires then you
won’t have an hp 40g - you will simply have a crippled hp 39g. Nor is it
possible to activate the CAS by means of a special program. It is possible to
partially activate it but the result will be crippled to varying degrees and will
not work properly, possibly even giving incorrect answers. In addition to this,
any education system will very probably regard this as a serious instance of
cheating if you use it in an examination and penalize you accordingly.

If you own an hp 39g+ then the question does not even arise because the
code for the CAS was left out of the chip when it was upgraded to become
the hp 39g+.
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Using the CAS

The first step is to activate the CAS. This is
done from the HOME view by pressing screen
key 6 (SK6), labeled .

When you do, you will see an empty screen
with a cursor in the center and an extensive
menu system at the bottom of the screen.

From the HOME screen, pressing SHIFT | CRS
will instead display the screen on the right.
This is the CAS MODES screen. More
information on this is given on page 329. This
screen can be accessed within the CAS by
pressing SHIFT SYMB.

Entering and editing an expression

FOLYE

TOOL |ALGE | DIFF |REWFEI] Z0LY | TRIG

CAF MODEZ
Indep var
Hoduyla: 12
_Hpprox _NMuH.Factor _ CoHplex
_Warbore o Itepsitep _Incr Fod
v Fiqorous o ZaiHp Non-Fational
Enter independent variable naHe
EDIT CAMIL| OK

When entering an expression the main point to remember is that evaluations

and appending of operations are always done to

the currently highlighted

element. This is most easily seen with an example.

In the HOME view press IEEM and then follow the sequence of keys below:

(i) Press 2 ) +3 X4

In this case you will notice that the power of 4
was placed so that it applied only to the last
character typed; the 3.

(ii)

Notice that pressing up arrow caused more
and more of the expression to be highlighted.
Pressing ENTER evaluated the currently
highlighted expression of 324 to be 81.

Press up arrow twice. Then press ENTER.
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TOOL |ALGE | DIFF |REWFEI] Z0LY | TRIG

2A+HER

TOOL |ALGE | DIFF |REWFEI] Z0LY | TRIG



(i)  Press left arrow once then down arrow
once. Press X¥ 3, then press up 5 =Y
arrow three times & finally press X* 2. [2 'H] +21
(DO NOT use the [xq button for this.)

TOOL |ALGE | DIFF |[REKEI] =0LY | TEIG

Notice that in each case the power was applied to the currently highlighted
element of the expression. Brackets are automatically added as required.

Notice also the movement of the highlight. If you regard A
the original expression of 2X+81 as a tree of operations
as shown right then it may make more sense. When
you finished step 2 the highlight was on C, the

node containing 81. B
Pressing left arrow moved horizontally from
node C to node B. The highlight at that
point encompasses everything at or

below node B. In this case this is the D
expression ‘2*X’.

Pressing down arrow at that point moved down the tree. The
default is to move to the left-most node D. This meant that the
2 was highlighted and so when you pressed X| 3 it was the
expression that was cubed. At that point the tree now
appears as shown right with the CAS in ‘typing/editing
mode’ on node G.

Pressing up arrow three times placed the highlight
successively on nodes G, then D, then B. When XY 2
was pressed it squared the entire expression defined
by node B which was ‘23X’. This necessitated brackets and so they were
automatically added.

The result was the tree shown to the right, with
nodes P and Q added below node A. You may
notice that it is heavily canted to the left and this
tends to be fairly typical of the way we generally
write expressions.
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(iv)  Press up arrow three times and then [ a
divide by 5.

This moves the highlight up to node A, high-
lighting the entire expression. Dividing by 5 therefore applies to the entire
expression, with the result shown right. The new tree is shown

below with nodes R and S added above A.

R

Although it is not strictly necessary for you to
understand or use this concept of a tree of operations
you will find that it will help you to follow why the

highlight behaves as it does as it moves around. A
final example may help with the visualization.

(v)  After typing the 5, press up arrow once
to highlight that node S. If you now
press left arrow you will find that the  F
highlight will jump horizontally to A S
node A, highlighting the entire

numerator. Pressing down arrow four times = C
moves down through the tree from A to P to B ° @
toDtoF. 5 /

(x) (@R
To access and change the power of 2,

press up arrow twice to move up to node

B, then press right arrow to move from D E
node B to node O. If you now press +

and 3 you will find that this is added G

to the power, with brackets applied e e

as required. Try redrawing the tree

as it would now appear. Node O will now be the

addition operation with two new nodes below.

(vi)  Finally, exit the CAS by pressing ON. Don’t press the HOME button as
the CAS has its own HOME view which behaves differently and is
covered on page 317.

Note: There can be a problem with the way that the X7 button is handled. Try
going back through the same exercise but pressing the X button at
step 3. You will find that this makes it impossible to access and edit
the power because the [X? operation is stored differently.
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In-line editing mode

If you find that you are not able to
access part of an expression, or if you
have entered an operation at the wrong HLIGE | DIFF JREMEN SOLY | TRIG
level then you can highlight and edit an
expression ‘in-line’ as if you were entering it
in the calculator’'s normal HOME view.

BETOOL MEML 3
Ursor mode
Edit expr.

Change Font
Cut v

For example, highlight part of an expression
as shown right. Now press SK1 ( ) and
choose ‘Edit expr.” from the menu. You can now
perform any editing you require and the result will be
inserted into the full expression at that point.

(273%X) 24
Erasing, copying, cutting and pasting
When you press the DEL button in the CAS 2
editor the effect is basically to remove nodes of M +31
the tree. The first node deleted is the one =

furthest right in the currently highlighted
section.

For example, if the highlight was as shown
in the screen above, then the current focus
would be on node B in the tree shown right.
Successively pressing DEL would begin at
node E, deleting first the node’s contents
then the operation (multiply) which
connected it to the tree. Try it and see.

This process is best seen with
experimentation. My experience has been
that if you are simply wishing to edit a small
portion of the expression then the best
method may be to use the ‘Edit Expr.’
command in the menu. The tree
structure used by the editor means that although it is usually very easy to add
new operations and expressions within an existing one, it can sometimes be
frustratingly difficult.
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If you want to delete the entire expression then the simplest method is to
press ON and exit the CAS and then re-enter it with a blank screen.
Alternatively you can highlight part or all of the expression and then press
SHIFT ALPHA CLEAR. The highlighted section will be cleared.

Cutting and pasting of all or part of an TO0L TERL
expression can be easily done using the Change Font &
menu. This provides access to Cut
- Cio
commands of Cut, Copy and Paste which Facie WO
behave in exactly the same manner as they do
in any word processor.

Simply highlight the relevant portion of the expression first and then either cut
or copy it. Then move to the new position and paste it. As you can imagine
from the tree structure the results of a paste can sometimes be unexpected
but generally they will be satisfactory.

Cursor mode

Cursor mode can be used to select portions of

’ - ) % TOOL HEMU

an expression by drawing a box around it. - mode

From the menu, select ‘Cursor mode’. Edit expr.
Charnge Font

Use the arrow keys to move a cursor around cut -

on the screen. As you do so it places a box
around different parts of the expression that
are selectable. Press ENTER to select that section.

The CAS HOME History

The CAS has its own history which is 1 B
essentially similar in its behavior to the normal Eﬁ?ﬂ%ﬁéﬁ_?;é*ﬂ T0R.,
HOME History. If you press HOME while in the [f SULYEWMHCH"d4-1=32

: . o CH=T220RCH=—T22
CAS then you will see something similar to the | LIHSDL'...'E{E-}:—}:H}{*'-'-' 1 M
view on the right, with all previous calculations :E-:*-Hu : "IEI-] IHFII:I '. :“"'*‘
and results recorded. As with the normal :
History it is worth deleting the contents regularly by pressing L2 if the

memory is not to be gradually used up.

To re-use an expression just highlight it and press IEXI. Pressing
will copy the expression to the clipboard so that you can then Paste it using
the I]Hﬁ! menu. Pressing HIEH will present the expression in scrollable
form.
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The PUSH and POP commands

Occasionally it is desirable to transfer results from the normal HOME view to
the CAS screen or vice versa. This is done using the PUSH and POP
commands.

Suppose we have just expanded (2x+3)4
in the CAS, as shown right. If we press ON
to exit the CAS and then type POP in the
HOME view then the result will be retrieved
to the HOME screen as shown.

oF
16% K 49681 3 H2 16K 2,

Eﬂl [RAD ZOLYE
In this case we might wish to also paste the
result into the Function aplet. This can be doneby e
using T to retrieve the expression, enclosing it y
in single quotes from the CHARS view and then SRR EEHFE] TRFLCED
storing it () into FL(X) or whichever is desired. HOM| CAZ

The reverse process is also possible % #OLVE

using PUSH but it is more limited in that |j gxurgiogeu~arz]genaa,
you must use the symbolic variable S1. FUSH(S12+20

When you then press IEEE you will S12+3
find that seemingly there has been no
result. However, pressing HOME you

will find that the expression has been added to |, .., 1
the tail of the CAS History and can now be ) a1
d iti C e Rl T B P
IEEET 1 d to the editing screen for use. it
PoL2ER+3

ECHO | VIEH | INFD | COPY
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Pasting to an aplet

As mentioned above, one method of transferring CAS results to a normal
aplet such as Function is to use the POP command. However, for graphing
results, there is an even easier method - simply press PLOT.

Suppose that we have a result in the CAS
editor as shown right. m

TOOL |ALGE | DIFF |[REKEI] =0LY | TEIG

Pressing the PLOT button will result in the +-. APLET &5
menu shown in the second screen. Paranet ic
Folar

CAMIL] O

If you choose the Function aplet then you will W CHOOSE DECTINATION 5

be asked to nominate a destination. Fl:g.36-01.+0..,
= 2. 934, BAS* s
FE v

All you need then do is exit the CAS and enter m—
.
the Function aplet. .
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Evaluating algebraic expressions

When an expression is highlighted,
pressing ENTER will cause it to be
algebraically evaluated and any functions

to be applied accordingly. For example,

if you highlight (2x+3)"3 as shown right then
pressing ENTER will give the result shown.

TOOL |ALGE | DIFF |[REKEI] =0LY | TEIG

Further examples are shown below. In each case it is only the highlighted
expression which is evaluated. Depending on the settings of CAS MODES
there may or may not be intermediate steps displayed between those shown.

TOOL

TOOL | AL'GE | DIFF |REWEI] =0LY | TRIG

TOOL | ALGE | DIFF |REWEI] Z0LY | TRIG

Notice the lack of a ‘+c¢’ indefinite constant in the integration result. Here, this
is because we are using the definite integral (see page 81 and the page
following). A better alternative is to use the INTVX function as shown below,
even though it still does not add the ‘“+c’. See the page after this for
information on using functions in the CAS.

IHTV | SIHCA) :::-l:: 0S0A) |

TOOL |ALGE | DIFF |[KEKE] ZOLY | TRIG TOOL |ALGE | DIFF |REKWFEI =OLY | TRIG

Calculator Tip

The result of the 40! example above extends off the edge
of the screen and pressing » will not scroll it. If you press
the VIEWS button, then you will find that it can now be
scrolled and the entire value seen - all 48 digits of it.
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Using functions in the CAS

The behavior of the MATH menu is somewhat similar in the CAS except that it
gives access to a host of new functions available primarily in the CAS. These
functions will only be available on the hp 40g, not on the hp 39g+.

There are two ways that functions can be used. The first is to use them as
the expression is entered. In this method the order is to choose the function
and then to fill in the parameters required. The second is to apply a function
to all or part of an expression that has resulted from a previous calculation.

E.g.1 Using LIMIT

2
Find ||mx _2X_35. TOOL |ALGE | DIFF |REKFEI =OLY | TRIG
x—7 X—7

The sequence of keys for this is...

HIEA scroll to LIMIT ENTER
- 2 - 35 A A A TOOL [ALSE | DIFF [REWEI] 0LY | TRIG
/ XT6| - 7 » 7 A A ENTER

LIMIT| s 2+auaTee) |

(=

Find Iimi.
x—>2" X—2

The sequence of keys for this is...

¥ UNZIGMED INF. SOLVE? ﬁ‘m
MO

HIEA scroll to LIMIT ENTER
1/ XTg - 2 » 2 + MATH »
scroll to QUOTE ENTER

A A A A ENTER
ENTER

Note: The limit approached from below would L L

be entered as 2 - QUOTE(0).
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E.g. 2 Factorizing expressions

If you highlight an expression such as (2x+3)* and press ENTER then the
CAS will expand the bracket. Since the result extends beyond the screen we
will scroll through it using the arrow keys. The results can be factorized again
using the COLLECT function.

In this example we will also illustrate the use of the CAS History to fetch a
previous calculation.

The sequence of keys for this is...

(i) Expansion...

2 X1 + 3 XTH - 35 A A 4 5

X]1 4 A A ENTER L AP0 +21E~-HE+M+E=1

(i) Examination...
YV » > > b ON
(i)  Retrieving...

EHE vove EET

Any recorded previous calculation or result can be retrieved in this way, just
as it can in the normal HOME history.

(iv)  Factorization...
While the required expression is
highlighted, fetch the COLLECT
function from the menu by
pressing SK2.

ENTER ENTER

Note: Remember that the extent of the highlight ALIGE | DIFF [REMWEI] 000 | TRIG
plays a very important role.

o Firstly, the brackets for the inserted COLLECT function will enclose
whatever portion of the expression is highlighted. This allows partial
factorizations. In this case the entire expression must be highlighted
before COLLECT is inserted.

e Secondly, when ENTER is pressed the evaluation is done on
whatever is highlighted. It is necessary for the entire expression,
including COLLECT, to be highlighted if it is to be evaluated.
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E.g. 3 Solving equations

Solve the equation x*-1=3, giving i) real solutions and ii) complex solutions.

BEECs STEP - 13 10EEEE

Lluit canFii

ApPox
Direct ¥

From any of the screen menus, access
the CFG menu (see page 329) and ensure
that Real mode is selected, as shown
right.

Now use the SOLVEVX function, typing: E:|:|L'-.-'E'-.-':=-=:[,:=-=:4— =: -'|

The SOLVEVX function assumes that the active
variable is being used. The default active variable is [2=[F'] OR [R=—[F
X and if no = sign is included then the expression is - - - -
assumed to be equal to zero. The related function
of SOLVE has a second parameter which allows
you to define the variable to be solved for.

TOOL | ALGE | DIFF |KEWEI] Z0LY

Changing to complex mode in the CFG menu . i — -
will find the other two imaginary solutions: [#=[2"] Or [#=—[J2"i]] OR

TOOL |ALGE | DIFF |REWEI =0LY | TRIG

E.g. 4 Solving simultaneous equations

X+y=-3

Solve the following system of equations: {x— y-1

In the CAS, enter: LINSOLVE(X+Y+3 AND X-Y+1, X AND Y). Note
that when entering the two equations you must highlight the first one before
pressing AND (obtained via SHIFT (-)).

Alternatively you can use X+Y=-3 AND X=Y-1 instead of the expressions.
The result is: (X=-2) AND (Y=-1)

LINSOLVE can be used for any number of simultaneous variables. Step by

step mode will show the solution process using row manipulation of an
augmented matrix.
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The LINSOLVE function can also be used to solve problems of the form
below.

Solve the system of equations: % x <l 1
g+3 1| |» 9

The command is
LINSOLVE( 2.X+K.Y-1 AND (Q+3).X-Y-5, X AND Y)

and it produces the results shown.

LIMSOLVE[2H+HY—1 AMD |

| 2=2L 2-(@+3)L1

1=((E+3ME+2 L1+ L2
2 4 -1 I
B —[(O+2)K+2) 0-F

educt ion result
[2G+E K +4 5} -

A —[[E+2)K+2]

P
| (22

| A |.= @

TOOL | AL'GE | DIFF |REKEI] 0LV | TRIG
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E.g.5 Solving a simultaneous integration

A continuous random variable X, has a probability
distribution function given by:

a+bx+ X

f(x)=

forl< x<4

0 dsaewhere

Given that P(x<2) :%, find the values of a and b.

From the fact that it is a p.d.f. we know that J': f (x) dx=1. We can use this to

get the first expression in terms of a and b.

[EH+SE+14=

= 1]-!5

TOOL | ALGE

ZRA+SE+14_

TOOL | AL'GE | DIFF ||

ALGE | DIFF |REWEI| ZOLY | TEIG

TOOL | ALGE | DIFF |REWEI] Z0LY | TRIG

As can be seen above, the initial integration gives an equation involving a
fraction. This can be simplified by multiplying both sides by 6, highlighting the
entire equation first. Notice that when the final simplification is equal to zero,
the calculator does not bother to include the ‘=0’.

The second probability tells us that
J'Z f (x) dx:3 and this gives the
1 27

second of the pair of simultaneous
equations in exactly the same
fashion.

TOOL | AL'GE | DIFF |REKEI Z0LY | TRIG

le2H+243:E+103

TOOL |ALGE | DIFF |[REKEI] =0LY | TEIG
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We can now use the LINSOLVE function to
find A and B. While the second linear equation
is still highlighted, fetch the LINSOLVE SOLVE(EEGE
command from the menu. Then press
left arrow once and up arrow twice to highlight
the linear expression again as shown right.

24 2E+1 BN

TOOL |ALGE | DIFF |REWEI] =OLY | TRIG

Now, while the entire expression is highlighted,
as shown above, press SHIFT (-) to obtain 162A+242B+182 AND 4,=)
the ‘AND’. The result should be as shown right.

TOOL |ALGE | DIFF |REWEI] =OLY | TRIG

If yours looks like the version shown to the
right then the error has been caused by not L2 AF24EH(102 AND 41,8
having the whole expression highlighted before
pressing AND. Press DEL to remove the AND,

then do it properly. TOOL [ALGE | DIFF [REWRI] S0LY | TRIG

The other equation is still available from the CAS History. To fetch it, press
HOME and highlight the equation. Pressing IEET will echo it to the point of
the cursor. Note that if any portion of the expression in the editor is
highlighted when you perform an IEE then it will be replaced by the new
expression being echoed.

Le¥H+Co¥E+14 0 0 B=]
iiE*H+5*E+14}36 1}*6
¥ =L

EE*H+i9*E+14}}HS‘
o ClE¥H+9%E+14 0.7
le2¥R+i242%H

@‘.‘IEH IMFD | COPY

162:A+243B+188 AHD +4,=)

TOOL [ALGE | DIFF [RERRI] 50BN NN et o~ - 5.

TOOL |ALGE | DIFF |[REWEI] *OLY | TEIG

We can then finish off the LINSOLVE command by pressing right arrow to
move to the second parameter position and then entering “A  AND B”. At
that point we can press ENTER to obtain the values of A and B.

TOOL |ALGE | DIFF |[REWEI] *OLY | TEIG

TOOL |ALGE | DIFF |REWFEI] Z0LY | TRIG
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E.g. 6 Defining a user function

The DEF function allows you to define your own functions, which are then
available for use. In the example below it has been used to define Fermat’s

prime function f(x)= 27 11. Note that the sequence of keys is:

¥ ENTER ALPHA F ( A

A SHIFT = 2 X] 2X] XTd A A A [_2
+ 1 ENTER DEFIF(:)=2

"
+14

LGE | DIFF |REKEI] 0LV | TRIG

The CAS will then echo

the function back to you

and, if you go to the

VARS view, you will find fazizlEN

thafr it is now a defined TEEAsInbG L

variable. £ FRERLAZCUNE
nadyd

Although we used X as our variable here, there
is no reason for this. We could just as easily

have defined itas f(K)= 22 11,

You can now call this function by
simply typing, for example, F(5).

weiremeesss e FUMETIONZ E| DIFF [RELRI] SOLY | TRIG
Constant & IGUOT &

We can now test to see if

this is a prime number by

Hpert |
erb. SPRIME?
using the ISPRIME? ﬁﬁlr

function from the MATH

menu. This is found in the Integer IZPRIME?(4294967297)
section as shown right.

It returns a value of O (false) indicating that it is not
a prime number.

Using the FACTOR function
from the 8= menu
shows that its factors are
641 and 6700417.

TOOL |ALGE | DIFF |REWEI =0LY | TRIG
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On-line help

One of the most helpful features of the hp 40g S (AT HELP ON:
CAS is the on-line help provided by the

SYNTAX button (SHIFT 2). Pressing SYNTAX ACOSZS

will display the menu shown to the right. You EE?LEED -

can use the up or down arrow keys to scroll
through this list but it is very extensive and it is
far quicker to press the button corresponding to the first letter of the function
on which you require information. For example, if you want help on the
NEXTPRIME function then press the + button (letter N) to jump to the first
function beginning with N.

SR RS HELP OM: 3
ILAF
THTY

IHYMOD -

Jndef ined integration

The help screen can be a little
crowded, as you can see to the
right, but generally contains an e Foepect to the

extremely useful summary. An urrent variable

' ' i THTWS CLHE O+l 0 08—=10200
example is always given and pressing | ECHO | MR R T Ay

will cause this example to be pasted into the Ses! RISCH IBF PRENVAL
editing screen. RIT | ECHO [ = SEET | MAIN

There will often be up to three cross-references to other functions. Pressing
31 ES or ETE] will take you to the help screens for these functions.

Pressing IETEE will take you back to the editing screen without any action,
while pressing Lilillull will take you back to the SYNTAX menu.

It is strongly suggested that you spend some valuable time going carefully

through this collection of help pages. They will give you an excellent feel for
the capabilities of the CAS.
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Configuring the CAS

This can be done in a number of ways and

only an overview will be given here. One COLLECT

method is via the configuration line (CFG) at DEF

the top of each menu. The line shown right of EﬁE?HE -

CFG R= X S means that the calculator is
set to exact-real mode, that X is the
current variable, and you are working in Step by step mode.

If you select this option of the menu then you TR TTEF 4% 18 NEE
will see the further menu shown to the right. At Buit config

the top of this menu is more information about Complex

the current configuration. E'frp_ggf v

The example to the right means that

(R=) You are in exact-real mode

(STEP) Step by step mode is selected

(}) Polynomials are written with their terms in descending

order by exponent

(X) X is the current variable

(13) Modular calculations are carried out in Z/13Z (p = 13),
and;

(1) You are working in Rigorous mode (that is, using

absolute values).

Below the title bar you can see the first section of a series of alternatives
which let you manipulate the configuration. Most alternatives are toggles
having only two values. For example, choosing Complex and pressing
ENTER will cause the menu to momentarily disappear and then re-display
with the new setting of Real. Pressing ENTER again will revert back to
Complex. Using them you can choose:

Quit config (when you're finished making changes)

Complex (or Real)

Approx (or Exact)

Direct (or Step by Step see following page)

1 + Xx + X2 (or X2 + X +1; governs how polynomials will display)
SToppy (or Rigorous, if you want to work in absolute values)

Num. factor (or Symb factor)

Cmplx vars (or Real vars if you want all symbolic variables to be
assumed to be and treated as real)

English (or Frangais if you want the help screens to be in French)
e Default cfg (whichisR = STEP 4 X 13 |]).
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Pressing takes you out of the CFG menu (as does choosing QUIT from
the menu and confirming it with IETll) but does not discard any changes you
have made.

....................... TS MODE: B

i g
The name of the current variable, as  [prgsh Yo7 48
well as the value of the variable _Approx _Nud.Facter _ Conplex

_Werbore ¢ Etepoitep _Incr FoH
MODULO, can be changed by means  |zpiaurousy Sinp Non-Fatienal

of the SHIFT SYMB view, or by Enter independant wariable naxe
using the VARS key. Many of the Shora’_siihe
configurations addressed in the CFG menu are gL

i i [F: HODLLG
also referenced in these views. it e
E¥ FERIOD

TaHYs

: : : : el
Press ON to exit the VARS configuration view. A TR T

Calculator Tip

Changing the configuration can have a profound effect on
the behavior of the CAS. Only minimal information has
been given here, and before you play with these

configurations too extensively it is suggested that you read
carefully the relevant information in the manual and/or the
information in Renée de Graeve’s book mentioned in the
introduction to this appendix on page 310.

Tips & Tricks - CAS

1) In CAS, angles are always expressed in radians. When you are the
calculator HOME screen, you can use the MODES view to change this
default but this does not affect the CAS.

2) Step by step mode is quite useful for students. Choose Step by
step mode to view the details of the calculations, displayed on the
screen. After each step you are requested to press IEIJll to proceed to the
next stage. The alternative is Direct mode, in which only the result is
displayed.

3) Incredible as it may seem, the CAS is capable of infinite precision when
manipulating integers (memory permitting). To see this in action try
evaluating 200 factorial and then press VIEWS. You can now scroll
through all 375 digits of the result!
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4)

5)

Don't use a summation variable of lower-case 1. This is assumed by the
CAS to be the unit imaginary value - the root of x*+1=0.

Although you can use the integration symbol provided on the keyboard it
has disadvantages outlined on page 82. Use the INTVX function instead.
See the example on page 320.

The COLLECT function referred to earlier will factorize over the set of
integers. For example, COLLECT (x?-4) will result in (x+2) (x-2),
whereas COLLECT (X?>+4) will result in X?>+4 back again.

On the other hand the FACTOR function will factorize over the irrational
and complex sets too. Entering FACTOR (X*+2) will result in the

expression (x+ J2i )(x—x/ii).

The infinity symbol can be found in the Constants section of the MATH
menu but can also be obtained by pressing SHIFT 0. Pressing (-) first

will produce -, while pressing (-) twice will give +<. These are often
needed for use in the LIMITS function.

For example, evaluating LIMIT(y/ X+ X++/X —v/X ,+%) will give % (after
a very long wait).

As with the infinity symbol there is also a shortcut for the symbol i. Just
press SHIFT 1.
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